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TOXICITY OF DITERTIARYBUTYLMETHYLPHENOL 


WILLIAM B. DEICHMANN, Ph.D., Coral Gables, Fla. 
J. J. CLEMMER, M.D. 

R. RAKOCZY, Dip.Ing.Chem. 

and 

J. BIANCHINE, A.B., Albany, N. Y. 


ITERTIARYBUTYLMETHYL- 
PHENOL is an antioxidant which in 
small amounts prevents the deterioration of 
a variety of materials, including fats, oils, 
waxes, resins, and plastic films. The present 
investigations are concerned with establish- 
ing safe limits for its use in foods and in 
materials entering into food packaging. To 
mention a few of the potential uses, it is 
expected that this material will ultimately 
be incorporated into most edible vegetable 
or animal fats and oils, into baked and fried 
foods, and into waxes or plastic films used 
for coating food wrappers or containers. 
The data presented here define the im- 
mediate, subacute, and chronic toxicity of 
ditertiarybutylmethylphenol for experimental 
animals. These data can be used as a basis 
for estimating harmless levels of this material 
in food for human consumption. 


MATERIALS AND METHODS 
Ditertiarybutylmethylphenol (DBMP) has 


the following formula: 


i 

H,c~ CH; 
CHs 


It is known also as 4-methyl-2,6-ditertiary- 
butylphenol, as 2,6-ditertiarybutylparacresol, 


This study was supported by a joint grant from 
Enjay Co., Inc., Koppers Co., Inc., and Shell Chemi- 
cal Corp. 

From the Department of Pharmacology, Uni- 
versity of Miami School of Medicine (Dr. Deich- 
mann) and the Departments of Pharmacology 
(Messrs. Rakoczy and Bianchine) and Pathology 
(Dr. Clemmer), Albany Medical College. 


and as ditertiarybutylhydroxytoluene.* It 
is a very slightly yellowish crystalline solid 
which melts at 70C. It boils at 265C. 

The studies were conducted with samples 
of the purified commercial product. Unless 
stated otherwise, the immediate and sub- 
acute toxicity tests were conducted with one 
commercial product.7 The immediate toxicity 
was expressed in terms of an approximate 
lethal dose. An L. D.59 was calculated from 
the experimental data employing the method 
of Miller and Tainter.* For the chronic tests 
equal quantities of the above commercial 
product and another commercial product ¢ 
were mixed in the laboratory of the Univer- 
sity and used as such. DBMP was received in 
wide-mouth dark bottles, which were filled 
and sealed in an atmosphere of nitrogen. 
The compound was stored in the dark until 
used, 

The experimental animals employed in- 
cluded albino rats of Wistar stock, New Zea- 
land rabbits, guinea pigs, cats, and mongrel 
dogs. The rats, rabbits, and guinea pigs 
were purchased from a local breeder. Gen- 
erally, they were kept in isolation for two 
weeks before being employed. The cats and 
dogs were kept in the laboratory from four 
to six weeks prior to experimentation in 
order to ascertain their state of health. Dur- 
ing this period the dogs were dewormed and 
protected against distemper. 

* Available commercially under the trade names 
of Deenax or Paranox 441 (Enjay Co., Inc.), 
DBPC Antioxidant (Koppers Co., Inc.), and Ionol 
(Shell Chemical Corp.). 

+ Supplied through the courtesy of Mr. N. L. 
Gianakos, of Shell Chemical Corp. By private com- 
munication, this material is reported to have a 
melting point ranging from 69.3 to 69.7 C. 

t Supplied through the courtesy of Dr. Gilbert 
Thiessen, of the Koppers Co., Inc. By private com- 
munication, this material is reported to have a melt- 
ing point of 68.5 C. which corresponds to a mole 
purity of 97.8%, based on the freezing point of pure 
DBMP of 69.82 C. 
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All animals were kept supplied with food 
and water at all times. The rats and dogs 
used for the determination of the immediate 
and subacute toxicity studies were fed whole 
or ground Purina dog pellets. Rats and dogs 
subjected to the one- and two-year studies 
were fed Big Red Dog Meal (Coop.GLF 
Service). In addition, the dogs were given 
at intervals ground meat or Laddie Boy 
Horse Meat. The guinea pigs and rabbits 
were supplied with Purina rabbit pellets. The 
cats were fed Puss-N-Boots cat food plus 
milk. 

DBMP was incorporated in a diet as a 
solution in liquefied lard; this was obtained 
at intervals from Swift & Company, of 
Chicago, and was guaranteed to be free of 
antioxidants. 


The method of one of us (W. B. D.) was 
employed for the estimation of glucuronic 
acid in urine.? The procedure employs the 
naphthoresorcinol reagent and is therefore 
a modification of Tollen’s qualitative test. 
A fair degree of accuracy is claimed for this 
method, in spite of the nonspecificity of the 
reagent. The ratio of inorganic to organic 
sulfates was determined by the method of 
Treon and Crutchfield. 

Two methods were used to determine 
whether or not DBMP will produce hyper- 
sensitivity. The first procedure is a modifica- 
tion of that described by Draize.* To carry 
out this test, the hair was clipped very short 
on the back and flanks of each of five guinea 
pigs. On three days of a week each animal 
was given an intracutaneous injection em- 
ploying a 26 gauge hypodermic needle. On 
the first day, 0.04 mg. of DBMP in 0.05 ml. 
of 10% aqueous ethyl alcohol was injected. 
Subsequent injections were equal to 0.08 mg. 
of DBMP in 0.1 ml. of 10% alcohol, until a 
total of 10 doses had been administered. 
Two weeks after the administration of the 
10th dose, 0.04 mg. of DBMP was injected 
and its effect observed and recorded on the 
following day. The second method was 
designed to produce anaphylactic shock in a 
guinea pig sensitized with DBMP. A sen- 
sitizing dose of 0.08 mg. of DBMP in 0.1 ml. 
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of 10% aqueous alcohol was injected intra- 
peritoneally. Two weeks later a shock dose 
of 0.16 mg. in 0.2 ml. of 10% alcohol was 
administered. All animals subjected to an 
acute experiment were kept under observa- 
tion for a period of three weeks ; many were 
observed for four weeks. 


RESULTS 
IMMEDIATE TOXICITY 


When administered at one time by stomach 
tube to rats, rabbits, guinea pigs, and cats, 
toxic doses of DBMP (20% solution in 
corn oil) induced salivation, a mild degree 
of miosis, restlessness, hyperexcitability, un- 
steadiness, increased urination, diarrhea, 
tremors, and a more or less pronounced 
degree of paralysis of the hindquarters. Fatal 
doses generally induced for days complete 
loss of appetite and finally respiratory diffi- 
culties and coma. The feces of the animals 
given large oral doses of DBMP often showed 
the presence of blood. After oral administra- 


1.—/mmediate Toxicity of Ditertiarybutyl- 
methylphenol 


(The compound was administered as a 20% solution 
[W/V] in corn oil; after treatment, animals were observed 
for periods ranging from two to four weeks; an approxi- 
mately equal number of males and females were used.) 


Approx. 
Animals Lethal 
Treated, Periods of L.D.s0, Dose, 
Species No. Survival Gm./Kg. Gm./Kg. 
Cat 18 38hr. to 5days 0.94 to 2.1 
Rat (male) 42 2 to 7 days 
Rat (female) 42 2 to 3days | 
Rabbit 12 4 to 26 days neue 2.1 to 3.2 
Guinea pig 7 4 days Pere 10.7 


tion of one approximate lethal dose or L.D.50 
most of the rats, cats, and guinea pigs sur- 
vived for 2 to 3 days; rabbits, however, 
survived for periods ranging from 4 to 26 
days (Table 1). 


SuBACUTE TOXICITY 
Twenty-Eight-Day Feeding Experiment 
(Dogs). —DBMP_ was incorporated in 
ground meat and fed to each of four dogs 
for a period of four weeks. During the first 
two weeks the animals were offered two 
doses per week and during the last two 
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weeks three doses per week, eacn dose equal 
to 1.4, 2.1, 3.2, or 4.7 gm. per kilogram, 
respectively. The total quantities of DBMP 
ingested during the four-week period were 
equal to 93, 102, 233, and 488 gm. per dog, 
respectively. On the basis of grams per kilo- 
gram per dog, these quantities are equivalent 
to 11.2, 8.4, 19.2, and 37.6. 


During the first week of the feeding ex- 
periment each of the four animals responded 
with a mild to a moderate degree of diarrhea. 
This became apparent in one to three hours 
after ingestion of DBMP. During the second 
and third week the onset of diarrhea became 
more and more delayed. During the fourth 
week an animal, regardless of the dose, 
showed only a very mild degree of diarrhea, 
with an onset approximately 24 hours after 
the ingestion of DBMP and lasting for about 
one day. No other signs of intoxication were 
observed. 


At the termination of the four-week ex- 


periment, all animals were killed. Gross 


pathological tissue changes were absent, with 
the exception of some hemorrhagic areas, 


edema, and congestion of the lungs. It is 
believed that these changes were caused by 
the mode of killing, i. e., air embolism. There 
was no sign of irritation in the gastroenteric 
tract. 


Fourteen-Day Feeding Experiment (Rab- 
bits) and Twenty-Day Feeding Experiment 
{ Rats) —DBMP was incorporated in ground 
feed (15 rats, weighing 129 to 148 gm.) and 
in pellets (12 rabbits, weighing 1.2 to 1.4 
kg.) to an extent of 1 and 5%. Both concen- 
trations were fed for a period of 20 days in 
the case of rats and for 14 days in the case 
of rabbits. All experimental animals lost 
weight (rats, 2 to 41 gm.; rabbits, 220 to 370 
gm.) with the exception of one rabbit. This 
loss is believed to have been due primarily 
to a subnormal intake of contaminated food. 
The daily food consumption was not re- 
corded. One rabbit which was fed a diet con- 
taining 5% DBMP died 10 days after dis- 
continuation of the feeding experiment, while 
one of three rats fed 5% DBMP died 8 days 
after initiation of this study. 


Ninety-Day Feeding Experiment (Rats). 
—Two grades of DBMP were added to the 
feed. They differed very slightly in degree of 
purity and represented “DBMP, M.P. 69.7 
C., purity 99.7% wt.” and “DBMP, M.P. 
69.3 C., purity greater than 98.8% wt.” 
Each of these materials was dissolved and 
incorporated in ground feed to obtain con- 
centrations of 0.2, 0.5, 0.8, and 1.0% DBMP, 
respectively, plus 1.0% of lard. Four groups 
of rats were fed “DBMP, M.P. 69.7 C.,” 
and four groups received the other material. 
In addition, certain control groups were pro- 
vided. One received ground feed containing 
1.0% lard; the other was given an uncon- 
taminated control diet. additional 
groups of rats were started on a diet con- 
taining 0.2% DBMP plus 1.0% lard, but in 
this experiment the concentration of DBMP 
was increased every three or four days until 
a concentration of 1.5% was reached. There 
were three rats in each of the groups. 


Two 


There was no significant difference in the 
effects noted after feeding the two grades of 
DBMP. Contamination of the diet with 0.2% 
of DBMP induced no signs of intoxication. 
Of the two groups fed 0.5%, one of six rats 
died after 12 days; feeding of 0.8% resulted 
in two deaths (4 and 5 weeks), and feeding 
of 1.0% caused the death of one rat 13 weeks 
after initiation of the 90-day feeding experi- 
ment. Rats which were fed gradually increas- 
ing concentrations of DBMP refused con- 
taminated feed almost entirely when concen- 
trations reached 1.5%. Four of six rats died 
(4, 4, 9, and 11 weeks). 

Paired Feeding Experiment.—There were 
5 male rats in each of the control and the 
experimental groups fed a diet containing 
0.8% DBMP, but there were 10 male rats 
in the groups fed a diet containing 1.0% 
DBMP. All animals were housed in groups 
of five. Each day the weight of the contam- 
inated food ingested was recorded. This same 
quantity, in the form of uncontaminated food, 
was fed the following day to the respective 
control group. Rats of an experimental and 
a control group consumed therefore the same 
quantity of food. The experiment was carried 
out for a period of 25 days. 
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Preliminary feeding experiments had 
shown that rats and rabbits refuse food which 
contains 1.0% or a higher concentration of 
DBMP. Earlier feeding experiments had 
also demonstrated that rats will accept food 
contaminated with 1.0% of DBMP as long 
as this concentration is reached gradually. 
In the paired feeding experiments, to be 
reported here, rats were placed on a diet 
containing 0.4% DBMP. On the fourth day 
the concentration of DBMP was increased 
to 0.8%, and on the seventh day to 1.0%. 
Each experiment was carried out for a period 
of 25 days. From these we learn the follow- 
ing facts: 


1. Control male rats: fed an uncontaminated 
diet ad lib. 


Mean daily food intake.... 14.7 gm. 
Mean total gain of 
body weight .......... 129.0 gm. 


2. Paired male rats : fed a diet contaminated to 
an extent of 0.8% DBMP 
Mean daily food intake.... 12.3 gm. 
Mean total gain of body weight 
78.0 gm. 
65.0 gm. 
3. Paired male rats: fed a diet contaminated to an 
extent of 10% DBMP 
Mean daily food intake.... 


(a) Experimental group. 
(b) Control group...... 


12.8 gm. 
Mean total gain of body weight 


28.0 gm. 
65.0 gm. 


(a) Experimental group. 
(b) Control group....... 


It becomes apparent that (a) a diet con- 
taining 0.8% of DBMP produces anorexia 
or is unpalatable to rats and (b) feeding of 
a diet containing 1.0% DBMP will retard 
growth. 

CHRONIC TOXICITY 


One-Year Feeding Experiment Employ- 
ing Dogs.—Six mongrel dogs (weight 5.5 
to 16.2 kg.) were employed. An attempt was 
made to feed each of two dogs a daily dose of 
0.25, 0.50, or 1.0 gm. of DBMP per kilo- 
gram, respectively. The material was mixed 
with a small quantity of ground meat. After 
ingestion of this mixture, a dog was fed a 
ration of Dog Meal. Occasionally each dog 
refused part or all of the contaminated meat, 
and an estimate was then made of the quanti- 
ties ingested. The daily quantity of the anti- 
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oxidant consumed was recorded, and from 
these data, plus the weight of the dog (de- 
termined once per week), the animal’s mean 
weekly (five-day period) intake and finally 
the mean annual ingestion of DBMP were 
calculated. Most of the dogs were nearly full- 
grown animals; obviously, only a moderate 
increase in body weight was expected and 
observed. 

For a period of 12 months (on each of five 
days of a week) each of six dogs ingested 
from 0.17 to 0.94 gm. of DBMP per kilo- 
gram (Table 2). The total quantities con- 
sumed ranged from 483 to 2,402 gm. per dog 


TABLE 2.—Twelve-Month DBMP Feeding Experi- 
ment Employing Six Dogs 


Average 
Dose of Dose of 
DBMP DBMP 
Offered Ingested on 
Dog on Each of 
Each of 260 Days Total Quantity of 
Dog, Five Over DBMP Ingested Over 
Identifi- Days per Period of Period of One Year 
eation Week One Year, 
No. Gm./Kg. Gm./Kg. Gm./Dog Gm./Kg. 
D-7666 (52) 0.25 0.17 483.3 45.38 
D-7665 (53) 0.25 0.23 722.2 60.58 
D-7453 (54) 0.50 0.50 2,236.6 132.10 
D-7455 (55) 0.50 0.47 2,062.0 122.37 
D-7667 (56) 1.00 0.64 1,151.2 166.36 
D-7664 (57) 1.00 0.94 2,402.2 244.11 


per year, or from 45 to 244 gm. per kilogram 
per dog per year. 

No dog displayed signs of intoxication 
during the course of this experiment. The 
compound did not produce diarrhea, as was 
noted after ingestion of higher daily doses (8 
to 37 gm. per kilogram per dog per 28 days) ; 
there was no excretion of blood with the 
feces. Upon completion of the 12-month feed- 
ing period, five of the six dogs were killed 
by electrocution, and their organs and tissues 
were examined. One animal became pregnant 
and delivered seven normal puppies 11 
months after initiation of experimental feed- 
ing. This dog was killed two months later. 

Histopathological studies were carried out 
on the following organs: brain, pituitary, 
thyroid, thymus, heart, aorta, trachea, lungs, 
spleen, stomach, intestine, pancreas, liver, 
mesenteric lymph nodes, adrenal, kidney, 
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urinary bladder, uterus, ovary, testis, epidid- 
ymis, and prostate. 

No gross or microscopic pathology was 
observed in any of the six dogs studied, 
which can be attributed to the feeding of 
DBMP. The only pathology was in Dog 55, 
in the form of lobular pneumonia and focal 
necrosis of the liver. This pathology was 
considered to be the result of a recent infec- 
tion and not attributal to the feeding of 
DBMP. 

Two-Year Feeding Experiment Employ- 
ing Rats—Separate groups of male and fe- 
male rats were placed on diets containing 
0.2, 0.5, 0.8, or 1.0% of DBMP in 1.0% 
of lard, along with a control group which 
was fed a diet containing 1.0% lard without 
DBMP. It was considered that heating of 
the lard, as is done in “deep frying,” might 
possibly affect the stability and toxicity of 
DBMP. To test this, an additional chronic 
experiment was conducted, in which, prior 
to incorporation in the diet, the DBMP was 
dissolved in lard and heated for 30 minutes 
at 150 C. The concentration of DBMP in 
food tested in this manner was equal to 0.5%. 
One group of rats was fed an uncontaminated 
diet but containing 1.0% of lard. There was 
therefore a total of six groups, with 15 female 
and 15 male rats per group. The females 
were housed in groups of seven or eight ; the 
males, in groups of two or three. Contam- 
inated feeds were prepared once a week or 
oftener and stored in a refrigerator until fed. 


All animals were weighed in groups once 
a week, but when the weights became fairly 
constant, weighings were reduced to once a 
month. Blood counts and determinations for 
hemoglobin were carried out at intervals dur- 
ing this investigation. Rats selected for these 
blood tests were picked at random; if any 
selection was made, it was in an effort to 
take those that did not appear as healthy as 
others. At termination of the two-year feed- 
ing experiment, all surviving rats were killed 
by exposure to vapors of chloroform; they 
were subsequently examined for gross patho- 
logical changes. The weight of each of the 
larger organs was determined, and sections 


were taken and examined for micropatholog- 
ical changes. 


The following observations were made: 


1. Over the two-year period, the number 
of fatalities ranged from six to nine rats per 
group of females and from four to seven per 
group of males. There was no relation be- 
tween the number of fatalities and the con- 
centration of DBMP in the diet, including 
the control uncontaminated diet. 

2. Feeding of DBMP had no specific effect 
on the number of erythrocytes and leucocytes 
or on the concentration of hemoglobin in the 
peripheral blood. A total of 277 blood speci- 
mens were examined. 


3. Gain of body weight was normal, re- 
gardless of the concentration of DBMP in 
the diet, with the exception of the gain of 
weight of male and female rats fed 1.0% of 
DBMP. Ingestion of this dose resulted in a 
subnormal increase of weight (Tables 3 and 
4). 

4. Feeding of diets containing up to and 
including 0.8% of DBMP had no specific 
effect on the weights of organs (brain, heart, 
lungs, kidneys, spleen, liver) of rats that sur- 
vived the 24-month feeding experiment. In 
the groups fed 1.0% DBMP there was, how- 
ever, a tendency for an increased weight of 
certain organs in relation to an animal’s body 
weight, involving brain, lungs, and liver in 
the case of the females, and brain, liver, and 
testes in the males (Tables 3 and 4). 

5. Sections of the following organs were 
studied microscopically after their paraffin 
embedding and staining with hematoxylin 
and eosin: brain, heart, lungs, spleen, liver, 
kidneys, and enteric tract, including esoph- 
agus, stomach, and small and large intestine. 
Sections of liver and kidneys were prepared 
by the frozen section technique and stained 
with Sudan III for fat. In all, 353 sections 
stained with hematoxylin and eosin and 82 
sections stained with Sudan III were exam- 
ined. 

Various types of pathology were observed, 
but the pathology followed no significant pat- 
tern. Lesions observed in the female rats fed 
DBMP, including even the group fed 1.0% 
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of this compound, were similar to those ob- 
served in the control females. Evidence of 
pneumonia was found in several of the rats. 
Four of the six animals in the control group 
exhibited malignant neoplasms (two, retic- 
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The male animals also exhibited various 
types of pathology; again the pathology fol- 
lowed no significant pattern. Bronchitis and 
pneumonia were fairly frequent findings, but 
these changes were observed in the control 


TABLE 3.—Twenty-Four Month DBMP Feeding Experiment Employing Fifteen Female Rats per Group 


Group 6 Group 1 Group 2 Group 5 Group 3 Group 4 
(Control) (0.2%) (0.5%) (0.5% Heat) (0.8%) (1.0%) 
Effect on Body Weight 
Gain of body weight over 24 months 237 gm. 224 gm. 241 gm. 243 gm. 228 gm. 172 gm. 
Effect on Hemopoietic System 
Erythrocytes (millions/eu. mm.) 
8.2 8.2 8.7 8.1 8.9 9.6 
6.6 to 9.2 6.8 to 9.9 7.2 to 10.5 6.9 to 9.1 7.6 to 10.8 7.9 to 113 
Leucocytes (thousands/ecu. mm.) 
Pnanshesehtthstucouneetrsicbaes 13.4 9.6 10.1 10.8 10.4 9.9 
Se NE be saceekasunsddunchoanes 7.7 to 22.6 5.4 to 18.8 7.0 to 15.8 5.3 to 15.1 6.2 to 17.5 6.0 to 16.0 
Hemoglobin (gm./100 ml.) 
14.5 14.1 144 15.0 14.6 14.3 
cee 122.2to168 13.0 to 15.1 12.8to153 13.4 to 16.1 12.3to168 13.0to0 15.5 
Organ Weight as Per Cent of Body Weight 
dee 0.616 0.681 0.630 0.606 0.608 0.765 
0.480 0.531 0.475 0.469 0.468 0.551 
0.996 0.741 0.768 1.04 1.02 1.20 
Minko 0.910 1.01 0.854 0.920 0.778 0.897 
0.290 0.290 0.257 0.308 0.249 0.239 
4.57 4.25 4.10 5.20 5.19 5.32 


TABLE 4.—T wenty-Four-Month DBMP Feeding Experiment Employing Fifteen Male Rats per Group 


Group 6 Group 1 Group 2 Group 5 Group 3 Group 4 
(Control) (0.2%) (0.5%) (0.5% Heat) (0.8%) (1.0%) 
Effect on Body Weight 
Gain of body weight over 24 months 367 gm. 362 gm. 352 gm. 389 gm. 324 gm. 241 gm. 
Effect on Hemopoietic System 
Erythrocytes (millions/cu. mm.) 
acataidsudakdissndaheassanceen 8.9 9.2 9.8 9.0 9.4 
7.3 to 104 7.0 to 12.1 6.7 to 13.7 6.8 to 12.6 6.9 to 12.0 
Leucocytes (thousands/cu. mm.) 
15.7 16.4 12.3 15.8 164 
PL civctaecistusidiscasweows 5.5 to 29.7 7.6 to 32.5 5.6 to 19.7 9.4 to 23.9 8.2 to 32.0 
Hemoglobin (gm./100 ml.) 
cd 13.8 to 16.4 13.6 to 16.2 13.6 to 15.5 13.2 to 15.7 12.7 to 16.0 
Organ Weight as Per Cent of Body Weight 
0.476 0.481 0.483 0.478 0.537 0.663 
0.397 0.387 0.386 0.330 0.361 0.366 
1.12 1.34 1.00 1.04 0.781 0.874 
0.839 0.884 0.908 0.864 0.893 0.897 
0.402 0.278 0.376 0.303 0.291 0.316 
3.85 4.04 4.55 4.51 4.87 5.85 
0.774 0.804 0.758 0.800 0.862 1.01 


ulum cell sarcomas; two, carcinomas of the 
breast). The female rats in the DBMP-fed 
groups included five with malignant neo- 
plasms (three, reticulum cell sarcomas; one, 
carcinoma of the breast, and one leukemia). 
Many of the killed animals exhibited no 
demonstrable anatomic pathology. 
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group and more frequently in the groups fed 
a low per cent of DBMP than in the groups 
receiving the higher levels. One male rat 
showed evidence of leukemia, and in two rats 
in the control group neoplasms were found; 
one was a reticulum cell sarcoma of the lung 
and the other a fibroma in the mammary 
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TaB_e 5.—Effect of DBMP on Excretion of Glu- 
curonic Acid in Urine of the Rabbit 


Total 
Vol. of Glucuronie Acid in Urine 
Urinein ~ 
24 Hr., Mg./24 Hr. 
Date Ml. Sample Mg./100 Ml. 


Each of two animals given one dose of 3.2 gm. of DBMP 
per kilogram as a 20% solution in corn oil; a composite 
specimen collected over a 24-hour period. 


6/ 8 (control).... 108 58.8 44 
6/ 9 (eontrol).... 79 51.9 65.7 
202 536.8 265.7 
120 117.2 97.7 
285 994.7 349.0 
264 264.6 100.2 
75 71.5 195.3 
225 711 31.6 


Each of two animals given six oral doses of 0.3 gm. 
of DBMP per kilogram (each dose approximately 12% of 
approximate lethal dose) as a 5% solution in corn oil 


over a period of seven days; a composite specimen col- 

lected over each 24-hour period. 
6/14 (control).... 165 94 60.5 
10 141.2 4.1 
160 132.0 82.5 
160 107.5 67.1 
110 63.7 57.9 
110 92.5 $4.1 


region. Many of the killed rats showed no 
demonstrable pathology. This was true of all 
of those examined from the group which 
was fed 1.0% DBMP. 

It is concluded that DBMP administered 
to female and male rats in the manner de- 
scribed in this experiment produces no ana- 
tomic pathology. 


EFFECTS OF DBMP 


Effect of DBMP on Excretion of Glucuro- 
nates and Sulfates in Urine of Rabbits — 
DBMP induced in rabbits a slight to a mod- 
erately increased excretion of glucuronates 
in urine. The quantities excreted were in 
relation to the doses administered (Table 5). 
After absorption of DBMP, the ratio of 
inorganic to total sulfates decreased. These 
studies indicate that DBMP is probably de- 
toxified in part by conjugation with glu- 
curonic and sulfuric acids (Table 6). 

Effect of DBMP on Coagulation and Pro- 
thrombin Times—When administered to 
rabbits, toxic doses of DBMP did not influ- 
ence significantly the clotting and prothrom- 
bin times of cardiac blood. 

Effect of DBMP on Production of Hyper- 
sensitivity in the Guinea Pig—DBMP did 
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not induce a hypersensitive state in the 
guinea pig; nor did a guinea pig given a 
shock dose of DBMP (two weeks after injec- 
tion of a sensitizing dose ) demonstrate signs 
of anaphylaxis. When injected intracutane- 
ously, DBMP induced only signs of local irri- 
tation and necrosis. All guinea pigs employed 
for these tests (conducted by A. Swift) 
gained weight and appeared healthy. 

Effect of DBMP on Blood Pressure— 
Conventional methods were employed to de- 
termine the effect of DBMP on blood pres- 
sure in the carotid artery of the dog. Pento- 
barbital (25 mg. per kilogram I.V.) was 
employed as an anesthetic. 

The intravenous injection of 25 mg. of 
DBMP per kilogram of body weight (lecithin 
emulsion, 20 mg. of DBMP per milliliter) 
was followed by a prompt reduction in blood 
pressure from 105 to 40 mm. Hg. The pres- 
sure remained at this level for about 3 min- 
utes, then rose over the following 15 minutes 
to 93 mm. Hg. In other dogs, the injection 
of 15 mg. of DBMP per kilogram induced 
a drop of pressure from 102 to 80 mm. Hg, 
while a dose of 40 mg. per kilogram was 
followed by a prompt reduction in pressure 
from 95 to 32 mm. Hg; this was followed 


Tas_e 6.—Effect of DBMP on Excretion of Sulfate 
in Urine of the Rabbit 


The compound was administered in one dose by stomach 
tube as a 10% solution in corn oil. In some instances, two 
rabbits were kept in one metabolism cage and a composite 
urine sample was analyzed. (The ratio of “‘inorganie’’ to 
“total” sulfates found in the urine of untreated rabbits 
ranged from 85 to 95%.) 


Total Ratio of 
Rabbit, Vol. of Inorganic 
Identifi- Dose of Urinein to Total 
eation DBMP, 48Hr., Sulfates, 
No. Gm./ Kg. MI. % 
0.6 60 46.8* 
12 200 85.7 * 
2.0 240 66.2 * 
0.6 246 49.8 
3.2 312 56.3 


* These analyses were carried out by Dr. J. Treon, of 


the Kettering Laboratory, University of Cincinnati. 
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by recovery (to 86 mm. Hg) over a period 
of 40 minutes. 


Pretreatment of a dog with atropine sulfate 
(0.3 mg. per kilogram I.V.) offered a mild 
degree of protection. After atropine, 25 mg. 
of DBMP per kilogram induced a drop of 
blood pressure from 103 to 82 mm. Hg. 


It is concluded that the vasodepressor 
effect of DBMP is partially mediated 
through stimulation of parasympathetic in- 
nervations. 

CONCLUSIONS 


1. When absorbed in toxic concentrations 
into the tissues of unanesthetized animals, 
ditertiarybutylmethylphenol (DBMP) in- 
duced signs of intoxication resembling those 
seen after absorption of a toxic dose of a 
parasympathetic drug (salivation, a mild de- 
gree of miosis, unsteadiness, restlessness, 
hyperexcitability, diarrhea, tremors). When 
given intravenously to a dog under pento- 
barbital anesthesia, DBMP (25 mg. per kilo- 
gram) induced a prompt reduction of blood 
pressure. Atropine sulfate partially antag- 
onized this depressor effect. 

2. A mild to a moderately severe degree 
of diarrhea was induced in dogs fed daily 
doses of 1.4 to 4.7 gm. of DBMP per kilo- 
gram in the diet over a period of four weeks. 
This amounted to a total consumption of 
quantities ranging from 93 to 488 gm. per 
dog, or 8 to 37 mg. per kilogram of dog 
weight. Postmortem examinations revealed 
no significant gross pathological changes. 

3. No signs of intoxication or evidence of 
gross or histopathological changes were ob- 
served in dogs fed daily doses of 0.17 to 0.94 
gm. of DBMP per kilogram in the diet over 
a period of 12 months. This amounted to a 
total consumption of quantities ranging from 
483 to 2,402 gm. per dog or 45 to 244 gm. 
per kilogram of dog weight. 

4. Feeding experiments conducted over 
periods of 20 and 90 days, respectively, indi- 
cate that rats do not find food palatable con- 
taining 0.5 or 1.0% of DBMP. The animals 
will, however, ingest foods so contaminated 
more readily if these concentrations in the 
diet are attained gradually. DBMP was in- 
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corporated in all diets fed rats as a solution 
in liquified lard guaranteed by Swift and 
Company to be free of antioxidants. 

5. Paired feeding experiments (rats) 
demonstrated that the feeding of diets con- 
taining 0.8 and 1.0% of DBMP will reduce 
the daily intake of food below control values ; 
a level of 1.0% of DBMP in the diet retarded 
the gain of body weight. 


6. Male and female rats placed for a period 
of 24 months on diets contaminated with 
DBMP to the extent of 0.2, 0.5, and 0.8%, 
respectively, suffered no specific signs of in- 
toxication and no anatomic pathology. An 
additional 0.5% feeding experiment was con- 
ducted. In this, DBMP, after it was dissolved 
in lard, was heated for 30 minutes at 150 C. 
and then incorporated in the diet. Again, no 
specific effects or micropathology were noted. 
The feeding of 1.0% of DBMP was followed 
in both male and female rats by a subnormal 
gain and by an increased weight of certain 
organs in relation to body weight. Anatomic 
pathology was also negative in this group. 

A number of male and female rats died 
during the course of this experiment, but 
since the fatalities per group (including the 
control group) were in no relation to the 
concentration of DBMP fed, it is believed 
that the causes of death were unrelated to the 
feeding of this substance. The micropatholog- 
ical studies support this contention. 

DBMP in the concentrations fed has no 
specific effect on the number of erythrocytes 
and leucocytes or on the concentration of 
hemoglobin in the peripheral blood of male 
and female rats. 

7. DBMP is capable of inducing from a 
slight to a moderately increased excretion of 
glucuronates and organic sulfates in the urine 
of rabbits. 


8. Toxic doses of DBMP did not influence 
coagulation and prothrombin times in the 
rabbit. 

9. It was not possible to induce with 
DBMP aa sstate of hypersensitivity in the 
guinea pig. 

10. It can be concluded from these studies 
that ditertiarybutylmethylphenol is a rela- 


: 
‘4 
: 
4 
. 
Hinds 
. 
= 
aay 
= 
4 
> 


tively innocuous compound. The fact that no 
toxic effects were observed with 0.8% 
DBMP in the diet, but slight retardation of 
weight gain was observed at the 1% level, 
indicates a relatively sharp break-point in 
the dose-response curve. Other materials 
which have such a sharp break-point in the 
dose-response curve exhibit no hazard when 
used at levels well below this break-point. 
Since the concentrations suitable for anti- 
oxidant purposes are well below the above 
levels, it is anticipated that ditertiarybutyl- 
methylphenol could be used as an antioxidant 
in edible foods and in food wrappers or con- 
tainers without any public health hazard. 


Swift and Company, of Chicago, regularly sup- 
plied lard free of antioxidants for use in this study. 
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Postgraduate Course on Early Detection and Prevention of Disease.—Among the 
postgraduate courses arranged by the American College of Physicians for this spring, one to 
be given by the University of Pennsylvania School of Medicine from March 28 to April 1, 1955, 
has been planned with close attention to the needs and interests of physicians in industry. The 
title of the course is “The Early Detection and Prevention of Disease,” and its entire content 
will be devoted to the measurement of health, the prevention of disease, and the early detection 


of deviations from health. Registration for the course will be limited. 
obtained from the American College of Physicians, 4200 Pine St., Philadelphia 4. 


Interim American Board of Occupational Medicine.—Second Notice: The Interim 


Information may be 


American Board of Occupational Medicine is presently negotiating with the American Board 
of Preventive Medicine relative to the grouping of occupational medicine with other nationally 
recognized professional specialties in the general field of preventive medicine. 


Interested physicians who have not previously indicated their interest are invited to communi- 
cate with Dr. Carl M. Peterson, Secretary, Interim American Board of Occupational Medicine, 


535 N. Dearborn St., Chicago 10. 


Inquirers will receive application forms and other essential information as these become 


available. 


Full instructions will include regulations governing basic eligibility, admission to 


certification without examination, examination procedure, fees, and other details. 


Prompt response will be appreciated. 
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OBSERVATIONS ON THE TOXICITY OF 


J. H. WEATHERBY, Richmond, Va. 
INTRODUCTION 


ECAUSE of a recent revival of interest 

in nitromethane for industrial purposes, 
it has appeared advisable to supplement the 
information available concerning the health 
hazard which may attend its use. Machle, 
Scott, and Treon* found the lethal dose for 
rabbits to lie between 0.75 and 1.00 gm. 
per kilogram following oral administration. 
These authors report that Gibbs and Reich- 
ert’ observed the minimal lethal dose for 
dogs to be between 0.5 and 1.0 ml. per kilo- 
gram following subcutaneous injection. Also, 
the former authors concluded from their in- 
vestigations on rabbits, guinea pigs, and 
monkeys that atmospheric concentrations of 
the vapor of 0.1% or higher are dangerous. 
Machle and Scott * noted that nitromethane 
has no significant effect on respiration and 
blood pressure in the rabbit, though the 
method of administration was not indicated. 


Experiments described below extend the 
observations on acutely poisoned animals 
and, in addition, provide information on 
poisoning of a more chronic nature resulting 
from the daily ingestion of small quantities 
of nitromethane. 


ACUTE POISONING 


Dogs, rabbits, and mice were used in ex- 
periments on acute poisoning. In dogs both 
the oral and the intravenous routes of ad- 
ministration were employed, in rabbits the 
intravenous route only, and in mice the oral 
route only. For a variety of reasons it was 
considered inadvisable to administer nitro- 
methane in an undiluted form, either orally 


From the Department of Pharmacology, Medical 
College of Virginia. 

Investigations described herein were supported 
in part by a grant-in-aid from the Army Chemical 
Corps. 
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or intravenously, but rather it was believed 
preferable to use an aqueous preparation. 
Since nitromethane is only slightly soluble 
in water, emulsification with methylcellulose 
offered the most convenient method of ob- 
taining such an aqueous preparation. 


Oral Administration to Dogs.—For oral 
administration to dogs, 20% nitromethane 
emulsified in 0.3% methylcellulose (4000 
cps) was used. Of five animals which re- 
ceived 0.125 gm. per kilogram, one was killed 
at 24 hours, one at 48 hours, and one at 72 
hours. Tissues from these animals were pre- 
pared for microscopic study. The two re- 
maining animals survived for a period of two 
months, after which observations on them 
were discontinued, since they appeared to 
be in good health. Additional animals were 
treated as follows. Two animals received 0.25 
gm. per kilogram; six received 0.5 gm. per 
kilogram ; two received 1.0 gm. per kilogram, 
and two received 1.5 gm. per kilogram. All 
of these either died within approximately 30 
hours or were killed while in a moribund 
condition. Tissues for microscopic study 
were obtained from those which were killed. 
In several animals, body temperature (rec- 
tal) was observed to be about 40 C. at the 
time they were killed. 

Histopathology: Lung, liver, spleen, kid- 
ney, stomach, and small intestine were ob- 
tained for microscopic study in all animals. 
Heart and adrenal glands also from two 
animals which received 1.5 gm. per kilogram 
were examined. Lesions involving the kidney 
were found in the two latter animals only. 
These consisted of swollen glomeruli, with 
edema fluid in the capsular spaces, swollen 
proximal and distal convoluted tubules, 
marked fatty change, and hyaline casts in 
the collecting tubules. With these exceptions, 
lesions were confined to the livers. In those 
animals which received 1.5 gm. per kilogram, 
liver changes were observed as follows: cen- 
tral congestion and occasional areas of 
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hepatic edema; cells with large nuclei and 
poorly staining cytoplasm containing many 
small vacuoles; focal areas of necrosis, both 
periportal and midzonal in distribution. After 
a dose of 1.0 gm. per kilogram, the liver 
showed occasional areas of midzonal necrosis 
24 hours after administration. All other 
organs appeared normal. Following a dose of 
0.5 gm. per kilogram, the following changes 
were noted 32 hours after administration: 
marked fatty change in periportal and mid- 
zonal areas and occasional areas of periportal 
hemorrhage, with a few chronic inflammatory 
cells; all other organs appeared normal. In 
the three animals which were killed at 24, 
48, and 72 hours following doses of 0.125 
gm. per kilogram, the livers showed mild 
fatty change of the hepatic parenchyma and 
a few lymphocytes in the portal areas. Re- 
generation was evidenced by the presence of 
mitotic figures in liver cells in the 48-hour 
specimen. 

Intravenous Administration to Dogs.—l\n 
observations on the effects of nitromethane 
when administered intravenously to dogs, a 
20% emulsion in 0.3% methylcellulose (4000 
cps) was used. The animals were anesthet- 
ized with diallylbarbituric acid (Dial), 60 
mg. per kilogram intraperitoneally, and were 
prepared for the recording of respiration and 
carotid blood pressure. The purpose of these 
experiments was not so much to ascertain 
the L. D.59 following intravenous administra- 
tion as to observe changes in the animals 
which might result from the administration 
of nitromethane in quantities which would 
prove fatal in a period of several hours. Ac- 
cordingly, nitromethane in doses of 0.2 gm. 
per kilogram was administered into the 
femoral vein at intervals of 10 minutes until 
death of the animals. Seven animals were so 
treated. Total quantities of nitromethane re- 
quired to produce death varied from 1.4 to 
3.8 gm. per kilogram. Usually there was a 
gradual increase in blood pressure during 
the course of the experiment to a level 15 or 
20 mm. above the original. Blood pressure 
remained satisfactory until respiratory failure 
terminated the experiment. At autopsy the 
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livers and spleens were found to be engorged 
with blood. 

Histopathology: Liver, spleen, kidneys, 
small intestine, and lungs from three of these 
animals were examined microscopically. 
Small intestine, lungs, and spleen were essen- 
tially normal in all. In two the kidneys were 
normal, while in the third congestion was 
noted, with occasional red blood cells in the 
capsular spaces ; tubules were normal. Livers 
from all three animals were quite similar, 
lesions varying only in degree. The subcap- 
sular portions were hemorrhagic ; there were 
numerous areas of portal and midzonal 
hemorrhage and occasional areas of necrosis ; 


Intravenous Toxicity for Rabbits of Nitromethane 
When Emulsified in Methylcellulose Solu- 
tions of Different Viscosities 


Dose, Animals, Lived, Died, Mortality, 
Gm./Kg. No. No. No. % 

4000 eps Methyleellulose 

2.0 3 ; 0 3 100 

1.35 2 0 2 100 

1.0 2 2 0 
50 eps Methyleellujose 

1.5 2 0 2 100 

1.25 2 0 2 100 

1.0 4 0 4 100 

0.8 db 2 3 60 


there were also fatty changes, and the hepatic 
cells contained large nuclei and poorly stain- 
ing cytoplasm. 

Intravenous Administration to Rabbits — 
Rabbits were given nitromethane intraven- 
ously 
0.3% 
agent. Doses of 0.2 gm. per kilogram were 


in the form of a 20% emulsion, with 
methylcellulose as the emulsifying 


administered at 10-minute intervals, just as 
with the dogs previously described, though 
the rabbits were not anesthetized. Also, a 
predetermined dosage schedule was followed, 
rather than the continuation of injections 
until the animals died. Two lots of methyl- 
cellulose were used as emulsifying agents, 
one with a viscosity of 4000 cps, as used in 
the experiments on dogs, and the other with 
a viscosity of 50 eps. Results of these experi- 
ments are shown in the Table. It appears 
evident from these results that the intraven- 
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OBSERVATIONS ON TOXICITY OF NITROMETHANE 


ous toxicity of nitromethane varies somewhat 
according to viscosity of the methylcellulose 
used as an emulsifying agent, the more vis- 
cous preparation showing lower toxicity 
values. In most instances in which the ani- 
mals were fatally poisoned, death occurred 
during the night following administration of 
the nitromethane, that is, during the period 
8 to 18 hours after administration. 

Oral Administration to Mice. — Nitro- 
methane was administered orally to male 
white mice as a 5% aqueous solution. Of 5 
animals which received 1.8 gm. per kilogram, 
4 died; 6 of 10 died from 1.5 gm. per kilo- 
gram, and 1 of 5 from 1.2 gm. per kilogram. 
Small hemorrhagic spots were observed on 
the ears of some animals several hours after 
treatment. Fatalities rarely occurred within 
less than about 8 hours or after about 24 
hours. These data indicate an oral L. D.5o for 
mice of 1.44 + 0.11 gm. per kilogram, calcu- 
lated according to the log dose probit method 
of Miller and Tainter.* 


CHRONIC POISONING 


For these experiments young male albino 
rats, weighing between 40 and 60 gm. each, 
were divided into several groups of 10 ani- 
mals each. These were to receive 2, 1, 0.5, 
0.25, and 0.1% nitromethane in their drink- 
ing water, and a sixth group was to receive 
water as controls. During the first week of 
the experiment it was found that the animals 
would not accept concentrations of nitro- 
methane of 0.5% or above ; so groups receiv- 
ing such concentrations were discontinued. 
Meanwhile, several animals in each of these 
groups died and were destroyed by their cage 
mates. The survivors were killed, and tissues 
were obtained for microscopic examination. 
The experiment was continued for a period 
of 15 weeks with those animals which re- 
ceived 0.25 and 0.1% nitromethane and with 
the control group. Water or nitromethane 
solution and food (Purina Dog Chow) were 
available ad libitum to all groups. Fluid in- 
take for each group was recorded daily, and 
from this was calculated the nitromethane 
consumption. Individual weights were re- 
corded at weekly intervals. Three animals in 


the 0.25% group and four in the 0.1% group 
died during the course of the experiment and 
were destroyed by their cage mates. At the 
end of the period all surviving animals were 
killed, and tissues were obtained for micro- 
scopic examination. Significant data relative 
to water and nitromethane intake and aver- 
age weights of the animals in each group are 
presented in the Figure. 

Histopathology.— The following tissues 
were obtained for study: heart, lungs, liver, 
spleen, kidney, testes, adrenal gland, and 
small intestine. In the groups which received 
2, 1, and 0.5% nitromethane for one week, 
lesions were limited to the livers of those 
which received 2% solution. The cytoplasm 
was stained less deeply than in tissues of 
control animals, and numerous lymphocytes 
were seen in the periportal areas. Appar- 
ently the failure of these groups was due 
primarily to refusal of water containing such 
concentrations of nitromethane. 

Seven of the animals which received 0.25% 
nitromethane survived for the duration of the 
experiment. In two of these, the Malpighian 
corpuscles appeared more prominent than in 
normal spleens; in six, the cytoplasm of the 
hepatic cells was more granular in appear- 
ance and less deeply stained than normally, 
and the nuclei were more prominent ; numer- 
ous lymphocytes were seen in the periportal 
areas; one animal showed no definite liver 
abnormalities. Other organs were normal. Of 
the group which received 0.1% nitromethane, 
six survived for the duration of the experi- 
ment. Of these, two showed large hepatic 
cells with prominent nuclei. All other organs 
were normal. All animals of the control group 
survived. Of these, one showed large hepatic 
cells with prominent nuclei; all other organs 
were normal. The two groups which received 
0.25 and 0.1% nitromethane failed to gain 
weight as rapidly as the control group, but 
otherwise these animals appeared to be in 
moderately good health at the termination of 
the experiment. 

COMMENT 


Nitromethane is neither so highly toxic 
nor so violent in its effects as many other 
poisons. While no effort has been made to 
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establish the L. D.59 with any great degree of 
accuracy, results reported above indicate it 
to be of the order of 0.125 to 0.25 gm. per 
kilogram when administered orally to the 
dog, 0.75 to 1.0 gm. per kilogram when ad- 
ministered intravenously to the rabbit, and 
1.25 to 1.5 gm. per kilogram when adminis- 
tered orally to the mouse. These values may 
be compared with those of Gibbs and Reichert 
of 0.5 to 1.0 ml. (0.565 to 1.13 gm.) per 
kilogram for the dog following subcutaneous 
injection and with those of Machle, Scott, 
and Treon of 0.75 to 1.0 gm. per kilogram 
for the rabbit following oral administration. 

The absence of any remarkable changes in 
either blood pressure or respiration in the 
anesthetized dog following the intravenous 
injection of nitromethane, until the terminal 
depression and paralysis of respiration, is in 
keeping with the observation of Machle and 
Scott to the effect that nitromethane has no 
significant effect on these functions in the 
rabbit. 

Nitromethane in barely lethal (or barely 
sublethal) amounts appears to attack the 
liver mainly, with little action on other or- 
gans. Following appreciably larger amounts, 
lesions may be found in the kidney and the 
spleen, Machle, Scott, and Treon found liver 
damage of greater or less degree in all ani- 
mals. 

SUM MARY 


Young rats which received 0.25 and 0.1% 
nitromethane in their drinking water for a 
period of 15 weeks failed to gain weight as 
rapidly as control animals, though most ap- 
peared to be in moderately good health at the 
end of the experimental period. Definite, 
though relatively mild, pathological changes 
were found in those animals which received 
0.25% nitromethane. 


106 


INDUSTRIAL HEALTH 


Dogs survived nitromethane in doses of 
0.125 gm. per kilogram administered orally, 
but not 0.25 gm. per kilogram. Pathological 
changes from such doses usually were con- 
fined to the livers. Following doses of 1.5 
gm. per kilogram, serious kidney damage was 
observed also. 

Immediate toxic effects from nitromethane 
administered intravenously to dogs as an 
emulsion in 0.3% methylcellulose were not 
spectacular. With doses of 0.2 gm. per kilo- 
gram repeated at 10-minute intervals, total 
quantities necessary to produce death varied 
between 1.4 and 3.8 gm. per kilogram. 


Intravenous toxicity of nitromethane for 
rabbits was found to vary appreciably accord- 
ing to viscosity of the methylcellulose prepa- 
ration used as an emulsifying agent. Toxicity 
was lower with methylcellulose of high vis- 
cosity (4000 cps) than with a preparation of 
low viscosity (50 eps). 

The oral L. D.59 of aqueous solution of 
nitromethane for mice was 1.44 + 0.11 gm. 
per kilogram. 
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CLINICAL LEAD INTOXICATION FROM BRASS-FOUNDRY OPERATIONS 


D. JOHN LAUER, M.D., Pittsburgh 


| sia one of the oldest metals known to 
man, has a wide variety of uses in our 
modern way of life. 

Lead and its compounds have at times 
visited upon the craftsman and the user their 
toxic effects. The ancients were aware of the 
noxious properties of lead. In 1839, Tan- 
querel des Planches published his famous 
treatise, accurately detailing the signs and 
symptoms of lead poisoning. 

Perhaps no occupational disease has had 
so much written about it as lead intoxication. 
But, as is true of so many other recurring 
maladies, such writing bears repetition until 
we are no longer visited with its effects. 
Then too, as a disease becomes less frequent, 
clinicians become unfamiliar with its 
garies. Lane’ states, “Though lead poison- 
ing is happily a rare disease, the use of lead 
is still increasing, and if this is to remain 
safe, the informed help of medical men will 
be required.” 

The any lead 
poisoning indicates that the application of 
known methods for the hygiene, engineering, 
and educational control is still found wanting. 

This paper concerns itself 
number of plant situations observed. It 
presents some observations made over a 
period of two years on 219 men who were 
employed in a_ brass-foundry operation. 
Thirty-seven of the 219 men suffered one or 
more acute episodes of lead intoxication. All 
these men were engaged in the various 
foundry occupations incident to the manu- 
facture of several brass and bronze products. 
The constituents of these products were 
copper (75% to 85%), lead (5% to 15%), 
tin (5% to 10%), and zine (1.5% to 5%). 


Va- 


occurrence of cases of 


with one of a 


Read before the Section on Preventive and In- 
, dustrial Medicine and Public Health at the 103rd 
Annual Meeting of the American Medical Asso- 
ciation, San Francisco, June 22, 1954. 


In making such alloys, the temperature is 
well above the melting point of lead, tin, and 
zinc, thus increasing the vapor pressure to 
produce fumes of these metals. 

The foundry was a modern shop equipped 
with an abundance of exhaust ventilation. 
Unfortunately, the ventilation was planned 
ineptly and resulted in unpredictable diffu- 
sion patterns of the noxious fumes and dusts. 


TABLE 1.—Prevalence of Acute Lead Intoxication 


Employees with 
Intoxication 


Ages, Employees, 

Yr. No. No. % 
52 7 13.5 
yee 51 7 13.7 
47 10 21.3 
24 5 20.8 
20 3 15.0 
17 4 20.5 
8 1 12.5 


TABLE 2.—Length of Exposure in Thirty-Six * Men 


with Acute Lead Intoxication 

Exposure Men 

to Lead, 
Yr. No. % 
8 22.2 
8 232 


* Data lost on one case. 


As a result, many areas of the shop were 
contaminated, and sporadic cases of plumb- 
ism occurred. In an effort to correct this 
situation, repeated attempts were made to 
gerrymander a correction by introducing 
more forced draft exhausting outlets. In 
spite of these efforts, an acute outbreak of 
lead intoxication occurred, culminating in 23 
acutely ill men during a three-week period. 

Of the 37 men who suffered acute clinical 
lead intoxication, 25 were Negroes and 12 
were white. No racial difference was demon- 
strated. The Negroes generally worked in 
the more highly polluted areas. 
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The prevalence of the plumbism is illus- 
trated in Table 1, and the length of exposures 
in Table 2. 

None of the men who became ill was in 
such a vitiated environment beyond six years. 

Classical lead poisoning * is essentially the 
same for all the inorganic compounds of lead. 
The readily soluble oxides of lead given off 
in molten brass fumes and dusts produce a 
clinical syndrome of lead poisoning similar 
to that caused by any other inorganic lead 
compounds. Solubility of the inorganic com- 
pounds influences their hazard. Belden and 
Garber * have reported galena miners who 
worked for years in high dust concentrations 
of the insoluble lead sulfide without harmful 
effects. 

Organic lead compounds, such as tetra- 
ethyl lead,+ produce a somewhat different 
clinical syndrome from that of classical lead 
poisoning. 

CLINICAL SYNDROME 

Lead intoxication has been described as 
the second great imitator. Plumbism may 
begin insidiously as a vague symptom com- 
plex. Although it seems to have its onset 
with dramatic suddenness, careful history 
taking will reveal prodromal symptoms and 
signs of the disease. Occasionally a physi- 
cian may have the opportunity to observe the 
disease pattern unfold into an acute episode 
of plumbism. Usually he sees it in a full- 
blown attack. 

The 37 men whose cases are analyzed and 
reported here presented a variety of symp- 
toms and findings. Of these, abdominal 
cramps were most commonly experienced, 
this being a prominent symptom in every one 
of the cases. Each man could cite a definite 
time of onset of his colic; yet vague com- 
plaints of indigestion preceded the colic by 
days or weeks. Commonly, antacids were 
taken orally for relief of the intermittent 
abdominal distresses that followed meals. 
The time of onset of sharp visceral colic was 
always well remembered. Occasionally spasm 


* References 2 and 3. 
+ References 5 and 6. 
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of one or the other ureter caused severe pain 
which simulated that of a renal colic. 

Weakness, like most of the early symp- 
toms of plumbism, came on insidiously and 
relentlessly. A moulder, for example, gradu- 
ally altered the manner in which he handled 
his shovel to compensate for his general 
weakness. 

Fatigue was prominent and progressive. 
The patients complained of being excessively 
tired on arising. Lassitude continued during 
the workday. They were unable to sleep or 


TABLE 3.—Frequency of Symptoms in Thirty-Seven 
Men with Various Degrees of Acute 
Lead Intoxication 


Symptoms No. 
21 
13 
6 
1 


slept fitfully or, while sleeping, had excessive 
and disturbing dreams. 

Vertigo and headache were present but 
were not too frequent and were difficult to 
evaluate. 

Anorexia made its initial manifestation at 
breakfast, first with a reduction in the 
amount of food taken and then progressing 
to a stage where nausea was triggered by the 
smell of food. 

Constipation started early in the symptom 
complex, and metallic taste was reported 
frequently. 


The arthralgias were not joint pains as 
such but rather a bone pain. The patients 
volunteered that the “ache is deep in the 
bone.” 
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Physical Signs —tThe lead line was the 
most consistent sign observed in this group 
of workers. It was present in the diseased 
gums and was frequently seen when no other 
clinical signs or symptoms of lead intoxica- 
tion existed. 


While some of these patients were in the 
throes of lead colic, one could sometimes see 
and feel violent peristaltic waves move across 
the abdominal wall. During the gastroenteric 
phase of plumbism, the abdomen exhibited 
a generalized tenderness to palpation. 

Weight loss, while nearly always present, 
was seldom very impressive. 

Pallor was an inconsistent finding, as well 
as one difficult to evaluate. 


~ Roe . . 
TABLE 4.—Frequency of Physical Signs in Thirty- 
Seven Acute Lead Intoxication Cases 


Physical Signs 


Pyorrhea 

Extensive weakness of wrists 

Tremors 


Muscle weakness was an important and 
prominent physical sign. In the patient with 
a mild case or in one who had been progres- 
sively convalescing, the evaluation of muscu- 
lar weakness was very difficult. Measure- 
ment of the grip by a hand dynamometer 
was of some aid in such determinations when 
repeated at interval examinations. 

The extensor muscles showed weakness 
earlier than the flexor groups and often were 
the only points of muscle weakness. 

Concomitant with the extensor weakness 
was tremor of the extended hands or feet. 


Tremors of the hands were a_ persistent 
feature of two men in this series. Atrophy 
of the muscles of the hands, forearms, feet, 
and legs was present but not prominent. 


The tendon reflexes followed no consistent 
pattern. They varied widely from one exami- 


nation to another and were not much help 
in diagnosis. 

In encephalopathy, the drowsiness and 
insomnia progressed into disorientation, ex- 
citement, delusions, hallucinations, and ma- 
nia. Ataxia was a persistent physical impair- 
ment long after other signs had disappeared. 


DIAGNOSIS 

Lead, like many other noxious agents, may 
alter the body metabolism acutely and yet 
leave the physician with a dearth of clinical 
signs. A review of the symptoms and signs 
presented in Tables 3 and 4 will impress the 
clinician with the nonspecificity of the lead 
syndrome. He will quickly realize that he 
cannot make more than a presumptive diag- 
nosis without the aid of a detailed and valid 
occupational history, with information on the 
type and degree of exposure, and, finally, the 
laboratory data. 

The occupational history can be mislead- 
ing. Often the patient cannot shed much 
light on materials he is handling or to what 
he is exposed. It is important for the physi- 
cian to know what the patient does and how 
he does it. It is always awkward to find 
that the painter for whom one has made a 
diagnosis of lead poisoning has used paints 
“that contain no lead.” 

Laboratory.—The data that the laboratory 
can furnish are most helpful in establishing 
evidences of lead exposure in a patient and 
in helping to confirm a diagnosis. The pres- 
ence of excess quantities of lead in the ex- 
creta, especially the urine, is presumptive 
evidence that lead has been absorbed and is 
being metabolized by the body. The kidney 
can vary widely in excreting lead from day 
to day and hour to hour. Wide variation in 
urinary lead concentration can often be 
demonstrated when small samples are used. 

Table 5 illustrates the urinary lead values 
of two groups of men who were sampled by 
us at the time of their employment. Their 
occupational histories gave no indication of 
recent lead exposure. The absorption of ap- 
preciable amounts of lead is regular and un- 
avoidable. These data compare reasonably 
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with values reported by Kehoe * and by other 
authors.t It is not uncommon, as Table 5 
shows, that industrial workers yield slightly 
higher values than do persons whose lives 
involve no occupational exposure to lead at 
any time. The industrial worker may have 
occasional slight and unrecognized lead ex- 
posures. 

Table 6 illustrates the increased urinary 
lead concentrations in the men who were 
being subjected to hazardous occupational 
exposure to lead. 

The measurement of lead in the blood is 
an additional, and often the crucial, aid in 


TABLE 5.—Urinary Lead Levels in 101 Men at Time 
of Employment and Without Any Known 
Recent Lead Exposure 


Mean, Standard 

No. Company Mg. Pb/L. Deviation 
31 A 0.0767 0.042 
70 B 0.073 0.047 


TasLe 6.—Laboratory Data in Lead Intoxication 


Cases Studied 
Standard Mean 
Item Mean Deviation Range Normal 

Hemoglobin,* 

gm./100 ce....... 12.6 1.57 9-15 15.0 
Urinary lead,t 

0.572 0.5935 0.11-2.9 0.073 
Blood lead,t 

mg./100 gm..... 0.27 0.272 0.08-1.7 0.043 
Stippled erythrocytes,§ 


per million...... 10,212 6,350 3,000-27,000 1,000 


* Spencer method. 
+ Dithizone method on spot samples. 


Duplicate specimens, dithizone and spectrographic 
methods. 


§ Wright’s stain, dark-fleld method. 


determining excessive exposure to lead. The 
level found indicates the extent of the current 
and of the accumulative lead exposure and 
absorption, as does no other item of informa- 
tion. The blood is not subject to wide varia- 
tions in lead concentration, as is the urine. 
In collecting the sample, the danger of con- 
tamination is not as likely, especially if dupli- 
cate blood specimens are withdrawn. All 
blood lead determinations in our series were 
in duplicate. 

Normal values range between 0.02 and 
0.06 mg. of lead per 100 gm. of whole blood, 


t References 8 and 9. 
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with the maximum safe limit suggested as 
0.07. As the lead level in the blood rises 
above this safe limit, the incidence of acute 
illness increases. Abnormally high levels per 
se are not related to illness. In the 219 brass- 
foundry men studied, there were such varia- 
tions. One man with a mild intoxication had 
a blood level of 0.08 mg. per 100 gm. of 
blood, while another had blood lead levels 
on repeated occasions which ranged between 
0.20 and 0.34 mg. per 100 gm. without any 
apparent symptoms of intoxication. 

Stippling of the erythrocytes is an expres- 
sion of an aberration of the normal cellular 
activity in the bone marrow. Lead, among 
a number of substances, presumably inter- 
feres with the integration of protoporphyrin 
into normal hemoglobin. The result is a 
spilling of coproporphyrin III in the urine 
and a precipitation of basophilic staining 
reticulin in the erythrocytes, as observed in 
a stained smear specimen. A generally ac- 
ceptable safe limit '® of normal for stippled 
erythrocytes is 1000 per million. 

In a lead-exposed work group the stippled 
erythrocyte counts can be used as an indirect 
means of studying excessive lead absorption. 
In the individual this count may be variable 
and erratic. The stippled cell count rises in 
some men as the prodromal symptoms of 
lead intoxication are developing, while in 
others a precipitous rise occurs only after the 
acute syndrome has manifested itself. 

The stippled erythrocyte count is of no 
value in the prevention and control of tetra- 
ethyl lead exposure among petroleum work- 
men. Nor has it any value in the diagnosis 
and treatment of intoxication from that 
organic lead compound. No alterations from 
the normal count have ever been observed 
that could be ascribed to tetraethyl lead.® 

Hemoglobin is depressed. This varies too. 
In the patient with sudden acute lead intoxi- 
cation which has resulted from a very high 
lead exposure, there may be little or no 
measurable depression of hemoglobin, while 
in the man with prolonged but moderately 
excessive exposures to lead compounds there 
is likely to occur a long prodromal course 
and a substantial depression of the hemo- 
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globin. 
duction of corpuscular hemoglobin, is not a 


Hypochromic anemia, with the re- 


sensitive index of lead exposure. It is no 
more specific than stippling of the erythro- 
cytes and porphyrinuria and is less sensitive. 

Leucocyte counts and differential blood 
counts are consistently within normal limits 
in lead intoxication. 


Other usual laboratory data are useful in 
that they assist the clinician in the differential 
diagnosis. 

The laboratory data in the acute lead in- 
toxication cases presented in this paper are 
shown in Table 6. 

Differential Diagnosis—The diagnosis of 
a solitary case of lead intoxication can be a 
real exercise in diagnostic acumen and clini- 
cal judgment. Workmen in the lead trades 
are subject to all the diseases of mankind. 
The strange socio-psycho-economic implica- 
tions that are set off like a chain reaction 
make it imperative that the diagnosis of an 
occupational disease be made with care and 
that it be documented with a variety of ac- 
ceptable evidences. 


In the gastroenteric phase, peptic ulcer, 
acute appendicitis, gall-bladder disease, and 
renal colic are the commoner disease entities 
to consider. 

In the neuromuscular type, the differentia- 
tion must be made between lead intoxication 
and multiple sclerosis, rheumatic diseases, 
trichinosis, nerve injuries, and others. 

In the encephalopathic type, the acute 
infectious encephalitides, acute psychoses, 
brain tumors, and cerebrovascular disturb- 
ances must be differentiated. 

Epidemiology—When data are available 
on a group of workmen, the establishment of 
a diagnosis of plumbism can be made more 
readily and accurately. The lack of these 
data made the diagnosis difficult for a num- 
ber of the personal physicians of the patients 
reported in this series. 

The laboratory determinations of lead con- 
centration in urine and of stippled erythro- 
cytes, when studied in groups, lend them- 
selves well to determining the state of lead 
absorption in a workshop. The two-year 


study of the mean urinary lead concentra- 
tions shown in the Figure reflects the lead- 
exposure status in the shop. The determina- 
tion of the mean stippled erythrocyte count 
in a group is also useful in lead exposures. 
It has been pointed out previously that the 
stippling of the erythrocytes is not specific 
for lead in the individual, but when found 
in a group of workers in a single shop it is 
specific for practical purposes. Copropor- 
phyrinuria ‘' determinations can be utilized 
in the same manner and as a parallel to the 
stippled erythrocyte count. 

Both the mean urinary lead levels of a 
group and the mean stippled erythrocyte 
counts can give information as to the extent 
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of lead exposure in various occupations. In 
our foundry study these biological data were 
collected and could be correlated with the 
lead-in-air studies which were available. 

The trends of absentee records can be use- 
ful in a multitude of ways. Aside from infor- 
mation indicating who is absent, how many, 
and how often, other information gives clues 
which are of assistance in looking further 
into an absentee rate. 

In sickness absenteeism the ratio of res- 
piratory to gastroenteric diseases is about 
to 1. 


/ 


Alterations in this ratio may be 
due to one or to many causes. An epidemic 
of typhoid or an outbreak of food poisoning 
could be reflected in such a record. In a 
plant that processes lead, a lowering of this 
ratio would deserve some investigation as 
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to the role of lead. At best, absentee records 
and changes in the normal disease ratio 
pattern furnish clues for study only. 


SUMMARY 


Observations were made on 219 brass- 
foundry men, of whom 37 suffered one or 
more acute episodes of lead intoxication. The 
clinical syndrome of plumbism is discussed. 


Mrs. Frances D. Moorman, R. N., helped in this 
clinical study, and Jacob Cholok and his staff at 
Kettering Laboratory, University of Cincinnati, as- 
sisted with the analytical work on the many bio- 
logical specimens. 

Jones & Laughlin Steel Corp., 401 Liberty Ave., 
Gateway Center, Pittsburgh 30. 
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AROMATIC HYDROCARBONS 


Ill. Presence in the Particulate Phase of Diesel-Engine Exhausts and the 


Carcinogenicity of Exhaust Extracts 


PAUL KOTIN, M.D. 

HANS L. FALK, Ph.D. 

and 

MARILYN THOMAS, B.A., Los Angeles 


N AN EARLIER report we listed the 

sources chosen to be studied from the 
viewpoint of hydrocarbon pollution of the 
atmosphere. Included were the diesel engine 
and its exhaust products. Both the chemical 
and the biological phases of the diesel study 
were begun simultaneously with the already 
published similar studies of the Los Angeles 
atmosphere gasoline-engine exhaust 
products.* The chemical phase of the investi- 
gation proceeded at approximately the same 
rate as did the previous two. The biological 
phase, however, was incapable of maintain- 
ing a pace similar to that in the other simul- 
taneous experiments because of specific 
toxicity characteristics of diesel exhaust ex- 
tracts; these will be elaborated upon in the 
discussion. The present report is concerned 
with the conditions under which diesel- 
engine exhaust emissions contain hydrocar- 
bon products of incomplete combustion. The 


From the Departments of Pathology and Bio- 
chemistry, School of Medicine, University of South- 
ern California. 

This paper was presented in part at a meeting 
of the Cancer Prevention Committee in New York 
on Nov. 3, 1953. 

The photographic work was done by Mr. Lloyd 
Matlovsky, Department of Photography, School of 
Medicine, University of Southern California. 

Engineering data were obtained with the coopera- 
tion of Prof. William A. Box, Department of 
Mechanical Engineering, University of Southern 
California. 

This investigation is being supported by a grant 
from the Field Investigations and Demonstrations 
Branch, National Cancer Institute, National Insti- 
tutes of Health of the Public Health Service. 

* References 1 and 2. 


methodology of the experiment is similar to 
that described in a previous publication.* 


CHEMICAL STUDIES 


A. Collection of Samples—The exhaust 
from a blocked diesel engine belonging to the 
Department of Engineering of the University 
of Southern California was used for the 
collection of samples. The procedure of 
sampling was similar to that described for 
the sampling of gasoline engines except that 
five-second time intervals were substituted 
for the one-minute collections in many in- 
stances. 

The methods of extraction, purification, 
identification, and quantitation of samples 
were identical with those described in the 
previous papers. A total of 60 analyses were 
completed, 2 for each condition of engine 
operation. As outlined in the gasoline-engine 
exhaust analyses, the result should be re- 
garded as having only semiquantitative sig- 
nificance. 

B. Principles of Engine Operation.—- 
Results of diesel-engine exhaust analysis 
must be considered under two separate head- 
ings, since the data obtained from an in- 
efficiently operating engine or during the 
warm-up state of an efficiently operating one 
are in marked contrast to those obtained 
from one in excellent working condition. In 
the former, the exhaust emits into the atmos- 


phere black soot which contains significant 


amounts of polycyclic aromatic hydrocar- 


bons. In the latter, few visible exhaust 
products are produced and, as a corollary, 
only traces of aromatic hydrocarbons are 
emitted into the air. The inefficient state of 
diesel-engine operation was experimentally 
reproduced by means of fuel injection inter- 
ference in the stationary engine. The warm- 


up phase of engine operation may be consid- 
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ered to be identical in the stationary and 
dynamic engines. The dynamic counterpart 
of our inefficient stationary-engine operation 
occurs with the fouling of the fuel injection 
system of operating diesel engines or in asso- 
ciation with engine deterioration. Efficient 
engine operation was effected by maintaining 
a clean fuel injection system and obtaining 
samples from a completely warmed-up en- 
gine. 

C. Production of Hydrocarbons During 
Efficient Diesel-Engine O peration with Vary- 
ing Load.—A warmed-up diesel engine with 
properly adjusted fuel feed produces little 
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D. (1) Production of Aromatic Hydro- 
carbons During Inefficient Diesel Engine 
Operation.—Preliminary studies revealed the 
ultraviolet absorption spectra of the follow- 
ing aromatic polycyclic hydrocarbons in the 
soot produced by a diesel engine: pyrene; 
3,4-benzpyrene; 1,2-benzpyrene; 1,12-benz- 
perylene; anthanthrene, and coronene. In 
addition, an unidentified orange crystalline 
compound, referred to as Compound X, was 
isolated and characterized by its absorption 
spectrum. The absorption spectra of these 
compounds were identical to those produced 
by a gasoline engine used in a parallel study. 


Taste 1.—Aromatic Hydrocarbon Estimated on One-Minute Samples of Diesel Exhaust with Varying 


Load and Engine Revolution Speed 


Under Conditions of Efficient Operation 


Quantities Expressed in Micrograms per Minute 


Compound 3,4-Benz-  1,12-Benz- Anth- 
Rpm Load Condition Pyrene x pyrene perylene anthrene 
1200 0 Efficient y 0 0 0 0 
operation 
1/4 15 0 0 1 1.5 
1/2 16 0 0 0.4 0 
3/4 11 0 0 0 0 
4/4 8 0 0 8 0 
0 Acceleration- 15 0 0 4 0 
deceleration 
1/4 0 0 0 2 0.3 
1/2 0.5 0 0 2 0 
3/4 0.2 0 0 0 0 


Micrograms of hydrocarbon per minute per engine 


smoke from the exhaust, and consequently 
only traces of aromatic polycyclic hydro- 
carbons are emitted into the atmosphere. In 
these circumstances our engine was run at 
1200 rpm, with loads varying from zero to 
full. Pyrene production varied from 8 to 
16y, and 1,12-benzperylene varied from 0.4 
to 8y. Anthanthrene production varied from 
0.3 to 1.5y All the foregoing were collected 
during one-minute sampling runs. 


The production of aromatic hydrocarbons 
dropped even lower during five consecutive 
alternating periods of acceleration and de- 
celeration, lasting for one minute under vary- 
ing conditions of loads (Table 1). It appears 
justifiable to conclude therefore that a diesel 
engine, in marked contrast to a gasoline 
engine, can operate under all conditions 
except warm-up without the attendant pro- 
duction of significant amounts of soot and 
accompanying hydrocarbons. 
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D. (2) Production of Aromatic Hydro- 
carbons as a Function of Fixed Revolutions 
per Minute.—lIn view of the three fixed gear 
ratings of our diesel engine, fixed rpm vari- 
ations proved to be of little significance, so 
that load changes alone represented the prin- 
cipal variables in the conditions of engine 
operation. The three fixed ratings in the 
engine studied were 1000, 1200, and 1400, 
respectively. No uniform variation was de- 
tected at these speeds in terms of the produc- 
tion of pyrene, benzpyrene, benzperylene, 
anthanthrene, and Compound X. 

D. (3) Production of Aromatic Hydro- 
carbons as a Function of Load.—A marked 
increase in hydrocarbon production for each 
one of the polycyclic compounds studied 
paralleled the increases in load. The increase 
in hydrocarbon yield was generally small 
from zero to one-quarter and one-quarter to 
one-half load. It was greatest when the load 


4 
i 
4 7 
‘ 
‘ 
4 

; 

+ 

“2 

3 

4 


AROMATIC HYDROCARBONS 


Y was increased from one-half to three- 
yore: i quarters. The hydrocarbon yield was next 
1800 greatest on increasing the load from three- 
pans quarters to full. Figures 1 to 5 show the 
1600 
variation in individual hydrocarbon produc- 
1400 tion and emission with changes in speed and 
i 1200 load. The marked contrast between gasoline- 
4 1000 
800 1800 
600 1600 BENZPERYLENE 
> 400 1400 
1400 
200 
200 none 1200 
1000 
800 
Fig. 1—Variations in pyrene production and 
emission with changes in engine speed and load. 600 
400 
1900 200 
toad 
: _ Fig. 4.—Variations in 1,12-benzperylene produc- 
tion and emission with changes in engine speed 
and load. 
1400 
RPM 
1000 
Fig. 2—Variations in Compound X production 300 enue, 
and emission with changes in engine speed and load. 
600 
Y 
1800 400 
3,4-BENZPYRENE 
1600 
1000 
1400 
1200 toa Oo 
1000 Fig. 5—Variations in anthanthrene production 
and emission with changes in engine speed and load. 
800 
engine and diesel-engine exhausts can again 
- be noted. Increasing the engine load resulted 
1400 8 8 
400 eno a in a rapid decrease in hydrocarbon emission 
200/ 90 sail in the former and a marked increase in the 
— latter. 
+ 9.08.8 D. (4) Production of Aromatic Hydro- 


’ é carbons as a Function of Acceleration— 
Fig. 3—Variations in 3,4-benzpyrene production f fixed 
and emission with changes in engine speed and load. uring acceleration from one hxed rpm 
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rating to another, as, for example, from 1000 
to 1200 and from 1200 to 1400, soot and 
hydrocarbon production increased  enor- 
mously. Up to 5000y pyrene, 2500y benz- 
pyrene, 2000y benzperylene, and 800y anth- 
anthrene were recovered from one-minute 
samples. 

Comparing the benzpyrene yield from 
gasoline-engine exhaust with that of diesel- 
engine exhaust demonstrates that the diesel 
engine can be an incomparably greater source 
of hydrocarbon pollution. This is mitigated, 
however, by the fact that a diesel engine is 
capable of maintenance in a manner that can 
preclude the emission of hydrocarbons into 
the atmosphere to a remarkable degree. The 
system of fuel injection utilized in diesel 
engines carries with it the corollary that opti- 
mum operation, except during the warm-up 
period, is consistent with almost complete 
freedom from hydrocarbon emissions into 
the atmosphere. 


BIOLOGICAL STUDIES 


Prior to the discussion of the results of 
painting experiments using extracts of diesel- 
engine exhausts, comment must be made con- 
cerning the toxicity of these exhaust extracts. 
Preliminary studies indicated the presence 
of an inherently greater toxicity in diesel 
exhaust extracts than in gasoline exhaust 
extracts. 


Systemic reactions were most 


TABLE 2.—Aromatic Hydrocarbon Estimated on One-Minute Samples of Diesel Exhaust with 
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marked in C57 black mice and least marked 
in A strain mice. On this basis, the two 
initial experiments were begun with two sets 
of mice. Fifty-two C57 black mice, divided 
as to sex, obtained from the Roscoe B. Jack- 
son Memorial Laboratory in Bar Harbor, 
Maine, were used for painting with extracts 
of the particulate phase of exhaust samples 
from a diesel engine running at zero load 
during its warm-up stage. Fifty A strain 
mice, all male, obtained from the Cancer 
Research Genetics Laboratories of the Uni- 
versity of California at Berkeley, were used 
for painting with extracts of the particulate 
phase of exhaust samples obtained on a 
warmed-up engine running at full load. In 
both instances, the engines were operated 
under conditions of inefficiency, with visible 
soot production from the exhaust. ll mice 
in these experiments were fed a standard 
laboratory diet and given water ad libitum. 
They were housed in solid-bottom stainless 
steel cages and were approximately equally 
divided as to sex. Paintings were performed 
three times weekly in the interscapular area 
with an acetone solution of the extracts of 
diesel exhaust by means of a red rubber- 
capped glass dropper. Each droplet meas- 
ured approximately 0. 
occurred early. 


5 minim. 


Epilation 


The response of the C57 black mice to 
individual painting was such as to indicate 


2500 


208 


Varying 
Load and Engine Revolution Speed Under Conditions of Inefficient Operation 
Quantities Expressed in Micrograms per Minute 
Compound 3,4-Benz- 1,12-Benz- Anth- 
Rpm Load Condition Pyrene x pyrene perylene anthrene 
1000 0 Inefficient 137 22 146 22 0 ‘ 
operation 
1/4 267 76 465 42 43 
1/2 536 175 772 124 223 
1800 640 1320 610 472 


1265 


: aor 
4/4 639 876 469 a 
1200 0 = 0 9 79 4.3 
Bs 1/4 257 0 47 40 24 ens 
1/2 j 448 278 437 171 197 
3/4 888 488 432 980 320 
4/4 1912 614 1706 976 
1400 0 188 0 80 0 20 
oe 1/4 177 56 78 0 16 i 
i 1/2 220 76 1372 368 69 
aoe 3/4 734 337 982 1071 577 sig 
Fe 7 4/4 822 346 1687 O44 666 be 
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Fig. 6.—Skin papilloma in A strain mouse mea- 
suring 0.5 by 0.7 by 1.2 cm. in greatest diameters, 
following 62-week painting with acetone extract of 
particulate phase of diesel exhaust. Each painting 
contained approximately 5 m# of extract. Animal 
killed for microscopic study. 


a severe systemic reaction to the material as 
evidenced by postpainting tremors, followed 
by lethargy, with decreased to almost total 
absence of neuromuscular responses. This 
usually lasted for 24 to 36 hours so that by 
the time of the next painting the animals 
appeared to be normal. Approximately 10 


weeks subsequent to the initiation of this 
experiment, 16 deaths ensued. Necropsy 
examination and histopathologic studies of 
the tissues indicated a combined hepatotoxic 
and nephrotoxic effect. Liver cord cell de- 


Fig. 7—Squamous cell carcinoma in A. strain 
mouse measuring 1.2 by 1.8 by 1.6 cm., showing 
ulceration following 6l-week painting with acetone 
extract of particulate phase of diesel exhaust. Each 
painting contained approximately 5 mu of extract. 
The edges are rolled, the base is firm, and the 
adjacent underlying skin is invaded. 


Fig. 8.—Skin papilloma seen in Figure 6, showing 
keratin cyst and plug formation and epithelial 
hyperplasia. x 35. 


Fig. 9—Epidermoid carcinoma seen in Figure 7, 
showing invasion and destruction of subcutaneous 
tissue. x 120. 
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generation was evident, most marked in the 
periphery of the lobule. The kidneys showed 
tubular degeneration in the lower nephron, 
with many tubular lumens occluded by hem- 
orrhagic fluid. The picture was that of an 
early lower nephron nephrosis. Systemic 
decreased host resistance was evidenced by 
the acute pneumonias which were diagnosed 
as the immediate cause of death. An attempt 
to remedy the severe systemic response was 
undertaken by repeatedly diluting the paint- 
ing sample until a tolerated dose was reached, 
as evidenced by the disappearance of the 
morbid response immediately following paint- 
ing. The appearance of the first tumor in 
Experiment VIII in 13 months, followed by 
the subsequent development of only one addi- 
tional neoplasm, deserves comment. It should 
also be noted that both tumors were papil- 
lomas. A low order of carcinogenicity must 


be ascribed to the exhaust products emitted ‘ 


in these circumstances. This is in conformity 
with our chemical analysis, as noted in Table 
2, which showed the lowest yield at zero load, 
the condition under which the engines were 
operated during the warm-up period. The 
appearance of the first tumor in Experiment 
XII approximately 16 months after the initi- 
ation of painting, followed by the subsequent 
development of three additional tumors, all 
cancers, is capable of explanation. The pro- 
longed latent period must be ascribed to the 
dilution of the carcinogen simultaneously 
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with the dilution of the toxic constituents as 
undertaken during the early phase of this 
experiment. The 50% tumor yield, albeit in 
four of eight animals, must be ascribed to 
the inherently high proportion of carcinogen 
in the exhaust products of an engine oper- 
ating at full load. Three of the four tumors 
were carcinomas. This again conforms to our 
chemical observations, as noted in Table 2. 
Figures 6 and 7 show gross tumors, and 
Figures 8 and 9 show microscopic tumors. 

A second experiment was begun three 
months subsequent to the start of the first in 
an attempt to properly assess the carcino- 
genicity of diesel extracts, this time with the 
50 A strain male mice. As mentioned, the 
A strain mice were selected because of their 
apparent increased resistance to toxic effects 
of diesel exhaust extracts. The resistance of 
the A strain mice proved to be a transient 
one, as their rate of attrition, beginning ap- 
proximately at the time of the appearance 
of the first papilloma, was very rapid. 
Necropsy studies on the A strain mice indi- 
cated a nephrotoxic effect similar to that 
observed in the C57 black mice. Table 3 
outlines the history of the two initial diesel 
exhaust experiments. 

After an interval devoted primarily to the 
determination of the tolerated levels of ex- 
haust extracts and various vehicles over a 
long period of time with the use of different 
strains of mice, the conclusion was reached 


Tas_eE 3.—Diesel Exhaust Experiments 


Dateof Survivors 
Appearance at Time Date 


Date No.of Strain, of First of First Total Experiment 
Experiment Started Animals x Sample Material Tumor Tumor Tumors Terminated 
VIII 3/ 5/52 52 C57 Extract of particulate ma- 4/1/53 33 2 1/ 4/54 
40F, terial obtained during 
12M warm-up 
xII 5/19/52 50 AM Extract of particulate ma- 9/2/53 8 4 4/19/54 


terial obtained during 


full load 


Taste 4.—Diesel Exhaust Experiments 


Date No.of Strain, 
Experiment Started Animals Sex 


XII (2) 2/13/53 25 AF 


Dateof Survivors 
Appearance at Time Date 
of First of First Total Experiment 


Sample Material Tumor Tumor Tumors Terminated 
Extract of particulate ma- 3/20/54 20 17 7/23/54 


teria] obtained during 


full load 
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that A strain females offered the best hope of 
a successful experiment. On this basis, the 
experiment outlined in Table 4 was under- 
taken. Toxic effects were minimal in the A 
strain female mice. 


In all carcinogen studies, solvent control 
and untreated control experiments were run 
simultaneously with the definitive investiga- 
tions. The appearance of the first tumor in 
Experiment XII (2) in approximately 13 
months indicates the presence of a carcinogen 
of considerable potency in the exhaust ex- 
tracts being used. The tumor yield of 85% 
at the time of the completion of the experi- 
ment is a significant figure. 

Of 69 C57 black mice used as controls, 37 
were alive at the time of the appearance of 
the first tumor in test animals. No skin 
tumors were seen in any of the control mice. 
In 34 A strain controls, 24 females and 10 
males, no skin tumors were observed. 


COMMENT 


Demonstration of carcinogenic hydrocar- 
bons in the exhaust products of diesel engines 
and the successful production of skin tumors 
by the painting of diesel-engine exhaust ex- 
tracts is self-explanatory insofar as satisfy- 
ing the criteria for proof of experimental 
carcinogenicity. The emission of carcinogenic 
hydrocarbons into the atmosphere from 
diesel engines is of particular interest from a 
preventive-medicine and public-health point 
of view. The as yet unaccomplished task of 
relating proved experimental carcinogenic 
hydrocarbons to human lung cancer in no 
way militates against regarding their atmos- 
pheric presence as anything but a potential 
hazard. While it is apparent that diesel- 
engine exhaust does not differ markedly from 
gasoline-engine exhaust and_ incinerator 
soots, its possible control presents a brighter 
picture. The present inability to eliminate 
carcinogenic hydrocarbon emissions into the 
atmosphere from the latter two sources is not 


+ Twelve of the 17 tumor-bearing animals sur- 
vive at the time of this report. Eleven of the 17 
tumors produced thus far are carcinomas on the 
basis of necropsy and gross living animal observa- 
tion. 


duplicated in the case of diesel-engine ex- 
hausts. Efficient and innocuous operation of 
a diesel engine from an atmospheric pollution 
viewpoint is possible without costly engine 
redesign or the development of catalytic or 
combustion-completing devices for inclusion 
in the exhaust systems, a situation not ap- 
plicable to incinerator or gasoline-engine 
pollution sources. 

The qualitative presence of chrysene and 
Compound Y in the exhaust products of a 
diesel engine was unanticipated in view of 
their absence from gasoline-engine exhausts. 
The knowledge that these two compounds 
can be emitted into the atmosphere incidental 
to rubber-tire wear and tear precludes the 
conclusion that the diesel engine is alone 
responsible for their presence.t 

As noted in our previous publications, the 
qualitative studies reported herein are in the 
process of repetition by means of injection 
in contrast to painting techniques, with 
quantitation of both individual components 
of the exhaust samples and combinations of 
emitted hydrocarbons serving as the basis for 
the experiments. 


SUMMARY AND CONCLUSIONS 


The particulate phase of diesel-engine ex- 
haust products has been analyzed. Carcino- 
genic hydrocarbons have been demonstrated 
as being present among these products. Their 
production under varying conditions of en- 
gine operation has been determined. 


Extracts of the particulate phase of the 
exhaust products have been successfully used 
in painting experiments to produce skin 
papillomas in C57 black mice and cancers in 
A strain mice. The demonstration of carcino- 
genic hydrocarbons in a source of atmos- 
pheric pollution and their successful use for 
the production of skin tumors in mice require 
their careful assessment relative to a possible 
role in the observed increasing frequency of 
human lung cancer. Two observations are 
worthy of special comment: first, the high 
yield of aromatic polycyclic hydrocarbons, 
including benzpyrene, from the exhaust of 


t References 3 to 5. 
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an inefficiently operating diesel engine; sec- 
ond, the increase in these emissions as the 
load and engine speed are increased. This is 
in marked contrast to a gasoline engine 
where load and speed increase reduce the 
amount of aromatic polycyclic hydrocarbons 
emitted into the air. 
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Meeting of Western Industrial Medical Association.—The Western Industrial Medical 
Association of the Industrial Medical Association announces its coming 14th Annual Meeting, 
in conjunction with the California Medical Association Meeting, to be held all day. 


Time: 8:15 a. m. to 5 p. m., Saturday, April 30, 1955. 


Place: St. Francis Hotel, San Francisco. 
No registration fee. 


Anyone interested in the management, treatment, and consideration of industrial medical and 
traumatic conditions or industrial compensation work is welcome to attend. All physicians, 
nurses, management, employment personnel, safety personnel, legal profession, or others with 
allied interests are especially invited to attend and participate in this meeting and program to be 


presented. 


MORNING 


First Part 


Scientific papers on the Back Problem will be presented, covering the following topics: 
(a) Type or Classification of Back Conditions 


(b) Educational Techniques for Prevention of Back Injuries 


Second Part 


(c) Practical Psychiatric Hints in Handling Back Cases. 


Scientific presentation on subject of Psychological and Somatic Aspects of Allergy. 


AFTERNOON 


Panel discussion on Medical Reports and Medical Testimony as Seen by the California 
Industrial Accident Commission, Applicant’s Attorney, and Insurance Company Attorney. 


As can clearly be seen, this format will be both informative and educational in its content. 
It will be a worth-while program for professional as well as nonprofessional personnel who are 
engaged in, or have interest in, the solution of industrial medical and compensation problems. 


To the private practitioner—general or specialist—this will be an opportunity to attend and 
clear up any questions that he may have relative to industrial medical and compensation problems 


as they affect his work. 


A detailed program will be available at a later date. Anyone interested is invited to write 
either to the Program Chairman, Dr. L. E. Curtis, 225 Bush St., San Francisco, or to the 


Secretary, Dr. Edward J. Zaik, Room 220, 740 S. Olive St., Los Angeles. 


4 
£26 
at 


PHYSICAL FITNESS OF EXECUTIVES AT 


WARREN R. GUILD, M.D., Boston 
and 
CAPT. RAYMOND J. MANSFIELD (MC), U.S.N. 


N PRIVATE industry the value of peri- 

odic health examinations of those in 
executive positions has been proved. The 
objectives of such examinations may be sum- 
marized as follows ': (1) to facilitate place- 
ment and advancement in accordance with 
individual physical and mental fitness; (2) 
to acquaint executives with their physical 
status and advise them in improving and 
maintaining personal good health, and (3) 
to promote cooperative support and under- 
standing of industrial health practices by 
employee and employer alike. 

Over 300 corporations now have periodic 
health examinations for their executives. In 
1946, 718 executives of General Motors Cor- 
poration were examined, 590, or 82%, of 
whom exhibited recognizable disease. In 
1949, General Motors lost 29 men of execu- 
tive rank, 16 of whom died of cardiovascular 
disorders.* Consolidated Edison Company 
of New York examined 307 executives, 25% 
of whom were found to have major medical 
conditions, mainly cardiovascular. In_ this 
group obesity was a frequent and ominous 
finding. Another large American company * 
recently examined 2,000 of its executives. In 
every instance a minor medical defect de- 
serving treatment was discovered. In 62% 
there was major disease or potentially serious 
defects. An occasional examination is insuf- 
ficient. The primary value of such a program 
is that continuing observations of health al- 
low for the proper evaluation of diseases 
while they are in the preventable or easily 
modifiable phases. 

Although periodic examinations are per- 
formed on many of the Navy’s civilian em- 
ployees, such as operators of Navy vehicles 
and those exposed to special industrial haz- 


A U. S. NAVAL SHIPYARD 


ards, its key management personnel has not 
systematically had this benefit. The Navy is 
not alone. Many private firms insist that 
their blue-collar workers undergo scheduled 
examinations, while no such requirement is 
made for the white-collar employees. The 
executive's physical status and his work 
habits should be as well known as those of 
the workers who operate his machinery.* 

This report is intended to contrast the 
health of the examined executives and the 
apparent health of the nonexamined execu- 
tives at the New York Naval Shipyard. The 
expense in training, the experience, and the 
maturity of this group make their uninter- 
rupted service imperative. 


METHOD 

A physical examination was offered to 
civilian executives of Foreman, Master, GS- 
13 and higher rank at the New York Naval 
Shipyard on a voluntary basis. Of 81 super- 
visors eligible, requests were received from 
43, or 53% of the total. Thirty-eight men, 
or 47% of the total, did not submit requests 
for this examination. The average age was 
49 years. 

Each investigation included a detailed his- 
tory and physical examination ; a urine speci- 
men for specific gravity, sugar, albumin, and 
microscopic examination; a complete blood 
count; a serological test for syphilis; a 14 
by 17 in. celluloid chest film, and, when indi- 
cated, an electrocardiogram. 


RESULTS 
1. Medical Status of Executives Submitting 

Examination.—Various attitudes 
encountered among those examined. 


to were 


The 
overwhelming sentiment enlightened 
gratitude, especially among the younger men. 
A few of the older men were chary about 
submitting to the examination, fearing that 
there was a plan to retire medically those 
whose physical fitness was borderline. Many 
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more believed that information regarding 
their health was to be made available to lay 
personnel, namely, the senior Naval officers. 
All too often the employee has questioned 
the motives of the industrial physician, link- 
ing him with the designs of management. The 
problem of secrecy of industrial medical rec- 
ords is of profound ethical interest to physi- 
cians. One survey * found that in less than 
one-half of 1455 plants were physical exam- 
ination records kept confidential between the 
medical staff and those being examined. In 
many states, under the Civil Practice Act, 
a physician may disclose information ac- 


1.—Medical Defects Observed in Forty- 
Three Executives at the New York Naval Shipyard 


Cases, 

Diagnosis No. 
4 


Benign prostatic hypertrophy.................. 


Also, diabetes mellitus, nontoxic nodular goiter, arterio- 
sclerotic heart disease, retinitis, visual defects, rheumatoid 
arthritis, hypertrophic osteoarthritis, varicose veins, eden- 
tia, inactive pulmonary tuberculosis, hypersensitivity to 
penicillin, senile cataracts, plantar warts, pruritus ani, con- 
valescent poliomyelitis, and esophageal diverticulum. 


quired in his professional capacity only in 
court and with the patient’s permission. 

At least one diagnosable medical defect 
was observed in every patient examined. 
A compilation of these defects is presented 
in Table 1. 

2. Medical Status of Executives Not Re- 
questing Examination.—Of the 38 men not 
requesting this health examination, only 4, 
or 9.5%, were known by the Shipyard Medi- 
cal Department to have diagnosable defects. 
Thus, as far as the Shipyard medical records 
are concerned, 90.5% of this group were 
free of disease. A compilation of these de- 
fects is presented in Table 2. 
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SUMMARY AND CONCLUSIONS 


Health examinations were offered to 81 
civilian executives at the New York Naval 
Shipyard. (a) Of 43 men examined, at least 
one medical defect was observed in 100%. 
(b) Of 38 men not examined, a medical de- 
fect was previously known in 9.5%. 

It is suggested that health examinations for 
personnel of executive rank will be of maxi- 
mal benefit if periodic physical examinations 
are required. These medical records should 
remain confidential between the medical staff 
and the examinees. 


Peter Bent Brigham Hospital, 721 Huntington 
Ave., Boston 15 (Dr. Guild). 


TasLt 2.—Medical Status of Thirty-Eight Execu- 
tives at the New York Naval Shipyard Not 
Requesting Health Examinations 


Cases 

Diagnosis No. 

Calcification of aortie 1 
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USE OF EDATHAMIL CALCIUM IN TREATMENT 


OF CHROME ULCERS OF THE SKIN 


CLARENCE C. MALOOF, M.D., Peabody, Mass. 


N THE tanning industry one of the prob- 
lems frequently seen in the medical de- 
partment is that of chrome ulcers of the skin. 
The process of tanning hides and skins with 
chrome tanning liquor is very popular. This 
liquor is made up of concentrated reduced 
chromium salts and can be considered to be 
fundamentally complex chromic sulfates. 


These chromium compounds, being cor- 
rosive in nature, when they come in contact 
with the broken skin can produce a rapidly 
penetrating skin ulcer. These lesions, first 
described in 1826 by Cummings, of Eng- 
land,’ can range in size from 1 mm. to 1 cm. 
in diameter. The most frequent sites are at 
the base of the fingernails, the skin between 
the fingers, and the crease of the knuckles. 
A plausible explanation for this is that skin 
abrasions are more prone to occur at these 
locations. 

The lesions begin as painless papules or 
vesicles that eventually ulcerate and pene- 
trate deeply into the tissues. Neglected ulcers 
have been seen to erode clear down to the 
tendons of the hands. They are punched-out 
in appearance, with thick rounded edges that 
may be indurated but not, as a rule, inflamed. 
The base and walls of the ulcer consist of 
dirty gray necrotic tissue. 

Earlier investigations have shown that 
chromium can be found at the base of these 
lesions and that it is this tenacious deposit 
that prolongs the eroding action and prevents 
healing. Although it would be extremely 
difficult, if possible at all, to identify defi- 
nitely this chromium compound, owing to its 
complex and varying structure, it can be 
considered to be composed of oleated com- 

Medical Director, A. C. Lawrence Leather Co. 

This paper was presented in part before the 
American Association for the Advancement of 
Science, Boston, December, 1953. 


plex chromic ions.* Needless to say, to pro- 
mote proper healing of these skin ulcers, it 
is necessary to remove this chromium com- 
pound. Two methods are commonly used at 
the present time. The first consists of treat- 
ing the ulcerated area with various reducing 
agents, such as sodium bisulfite or sodium 
hyposulfite, the objective theoretically being 
that of reducing the chromates to triva- 
lent compounds. The disadvantages of this 
method lie in its slowness, inconvenience, 
and questionable efficacy. The second method 
consists of manually removing the chromium 
compound and necrotic tissue by curetting 
the base of the ulcer. The disadvantage of 
this method is the obvious pain induced 
while properly cleaning out the crater. 

The disadvantages of present modes of 
treatment led me to investigate other pos- 
sible methods of treatment. 

Recently the use of chelating agents has 
been borrowed from the industrial field and 
incorporated in various medical therapies. 
The use of edathamil calcium-disodium (the 
calcium disodium salt of ethylenediamine- 
tetraacetic acid) in the treatment of lead 
poisoning has been well reported in recent 
literature.t Briefly, these chelating agents, 
such as edathamil (EDTA), have the proper- 
ties of chemically complexing with certain 
metals to form a ring structure. This ring 
structure strongly binds the metal, prevent- 
ing it from ionizing and carrying out its usual 
reactions. It can be said that metals chelated 
by these agents become so attached as to lose 
their chemical ionic identity. These chelating 
agents are currently sold under the trade 
names of Versene, Sequestrene, and Nulla- 


pon.t 


* Battles, M. H.: Personal communication to 
the author. 


+ References 2 to 4. 


tIn this study, Calcium Disodium Versenate 
was used through the courtesy of Bevsworth Chem- 
ical Company. 
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Fig. 1—Large, tender, inflammed, untreated 
chrome ulcer of the skin of one week's duration. 


Since chromium is one of the metals that 
can be easily chelated by these agents, it was 
thought that an ointment containing eda- 
thamil calcium-disodium deserved study as 
a possible therapeutic agent. Since edathamil 
also chelates calcium, it was believed safer 
to use a chelating agent already containing 
the calcium salt so that there would be no 
possible chance of chelating body calcium 


Fig. 2—Ulcer 24 hours after two applications of 
edathamil calcium ointment. Chrome deposit is 
consolidated, shrunken, and peeled back from the 
base. Lesion has not been touched as yet. 


INDUSTRIAL HEALTH 
and thus eliminate any chance of inducing 
tetany, even though this possibility was re- 
mote, considering the small amount of oint- 
ment to be used and the small area to be 
covered. An ointment containing 10% eda- 
thamil calcium in a base containing hydrous 
wool fat was made up, and it has been used in 
the treatment of chrome ulcers of the skin 
for the past year. The treatment consists sim- 
ply of applying this 10% edathamil calcium 
ointment generously to the lesion and band- 
aging. The next day, approximately 24 hours 
later, the bandage is removed, and an at- 
tempt is made to clean out the ulcer crater. 


Fig. 3—Chrome deposit has been easily removed 
with splinter forceps, revealing clean crater. 


In some instances it is necessary to reapply 
the ointment for an additional 24 hours. 

During the past investigative year, I have 
seen and treated 54 chrome skin ulcers by 
this method. In almost every case, it has 
been found that the base of the ulcer is loose 
and easily removed. In fact, usually the dirty 
base and surrounding necrotic tissue can all 
be removed intact by means of splinter for- 
ceps alone. In six instances, or approximately 
10% of the cases, two to three additional 
applications of this ointment were necessary 
to loosen and clean the ulcer crater. 

A good example of the effectiveness of 
this ointment in cleaning out a chrome ulcer 
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TREATMENT OF CHROME ULCERS OF 


is seen in the three Figures. Figure 1 shows 
a large, deep, untreated chrome ulcer of the 
skin of approximately one week’s duration. 
When seen at this time, the lesion was un- 
usually inflamed and extremely tender. The 
man was finding it difficult to carry out his 
work and was about to lose time. Edathamil 
calcium ointment was applied and the area 
bandaged. Owing to the extreme size and 
tenderness of the ulcer, the man was in- 
structed to reapply the ointment after his 
eight-hour work shift and to return to the 
dispensary the following day. Figure 2 was 
taken 24 hours later. When the bandage 
was removed, the chrome deposit was con- 
solidated, shrunken, and peeling back from 
the base. The lesion was not touched manu- 
ally after removal of the bandage. No pain 
or tenderness was present. The chrome de- 
posit was then easily removed from the ulcer 
crater with forceps. Figure 3 shows the base 
of the crater to be clean. The tenderness and 
inflammation were entirely absent. The lesion 
was then treated as any other skin break, 
and the man returned to his job without 
difficulty. 

In this case it was found that the applica- 
tion of 2% methylrosaniline chloride (gen- 
tian violet) hastens healing after the crater 
has been cleaned out. 

To date this treatment—in my experience 
—has been painless and rapid and eliminates 
any necessity for loss of time due to these 
skin ulcers. The ointment appears to be non- 
toxic and nonirritating. 


COM MENT 


Dermatologists have been in somewhat of 
a disagreement as to which chromium com- 
pounds are capable of causing the various 
types of skin disorders commonly seen in 
workers handling these complex compounds. 

In the case of tannery workers it is de- 
finitely known that the skin ulcers and gen- 
eralized chrome dermatitis seen are due to 
chromic, or trivalent, compounds. The tri- 
valent compound is essential for tanning, and 
the addition of sugar and acid to sodium 
bichromate produces this trivalent chrome 


THE SKIN 
liquor. It is this complex chromic ion which 
produces the skin ulcers and which is readily 
chelated, as shown by this study, by eda- 
thamil. It is also known that edathamil will 
not chelate the chromates. This leads one to 
wonder whether skin ulcers can be formed 
by the chromates or whether these chromates 
must first be reduced to the chromic, or tri- 
valent, form when coming into contact with 
bodily fluids before ulceration takes place. 
It certainly opens the door for further in- 
vestigation in this direction. 

Possibly an ulcer supposedly formed by a 
chromate should be treated with edathamil. 
If the compound is not chelated and the ulcer 
not healed, we will know that it is still a 
chromate. However, if chelation and healing 
do take place, then we can assume that the 
compound has been reduced to the trivalent 
form, 

It is believed that investigation with this 
in mind is warranted and possibly may lead 
to a partial answer to the question of which 
chromium compounds will cause dermatitis 
and whether polyvalent compounds are re- 
duced to trivalent compounds on coming into 
contact with bodily fluids. 


SUMMARY AND CONCLUSIONS 

A new method for treating chrome ulcers 
of the skin utilizing an ointment containing 
edathamil calcium is described. It was found 
to be successful in 54 cases and not toxic 
or irritating to the patient. 
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HEALTH OF THE PETROLEUM WORKER 


ROBERT COLLIER PAGE, M.D., New York 


HEN THE first drilled oil well suc- 

cessfully struck oil on Aug. 27, 1859, 
a great new modern industry was created.’ 
Petroleum was known prior to that date but 
was used principally for its medicinal effects 
or other specialty purposes. The incentive 
which led to the drilling of the first oil well 
was a desire for an illuminant to replace 
sperm oil, which was becoming increasingly 
difficult to obtain. In those early days of 
petroleum, actually less than 100 years ago, 
the petroleum was separated in crude batch 
stills (Fig. 1) into various parts. The most 
important of these was kerosene, which was 
used for illumination and medicinal pur- 
poses. In addition, certain lubricants were 
prepared from other parts, but much of the 
true “petroleum” was wasted. 

With the development of the internal- 
combustion engine, around the turn of the 
century, the petroleum industry entered a 
new phase. A great expansion of the indus- 
try occurred, with the result that more and 
more specialization was necessary. Today 
the petroleum industry may be divided into 
four major branches: (a) producing, (b) 
transportation, (c) refining, and (d) mar- 
keting. 

Producing is concerned with locating pe- 
troleum under the ground and then devising 
means of bringing it to the surface. There- 
fore, this phase of the business requires 
geologists, drillers, riggers, and all the other 
specialized jobs required to locate oil under 


Read in part before the XI International Con- 
gress of Industrial Medicine, Naples, Sept. 14, 1954. 

Industrial medical consultant; formerly General 
Medical Director, Standard Oil Co. (N. J.) ; Presi- 
dent, Industrial Medical Association; Clinical Pro- 
fessor Industrial Medicine, Institute of Industrial 
Medicine, New York University—Post-Graduate 
Medical School; Chairman, Trustees, Occupational 
Health Institute. 
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the surface of the earth and bring it to 
the surface. In addition, because oil may 
be located in remote sections of the world,” 
it is often necessary to construct camps 
in which these workers can live. This re- 
quires cooks, truck drivers, launderers, to- 
gether with all the ancillary services neces- 
sary to maintain such camps. In fact, in 
some areas oil pools are so large and oil wells 
so numerous that whole communities of 
workers have sprung up. Then all the com- 
munity services, such as commissaries, water- 
and sewage-treatment plants, garbage dis- 
posal, house builders, and painters, ves, even 
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IN ITS SIMPLEST FORM 
process of petroleum refining 
consists in heating the crude 
oil in a still to its boiling point, 
passing the vapors from the 
boiling oil thru condensing pipes 
and condensing the vapors into 
liquids. 


Fig. 1.—Diagram of an old-fashioned crude batch 
still. 


physicians, nurses, and hospitals, become a 
part of this phase of the petroleum industry. 

Transportation, as its name implies, is 
concerned with moving crude oil from the 
producing areas to the refining areas and 
the products of the refineries to the consum- 
ing areas. The three principal means of ac- 
complishing this are with wheeled vehicles, 
in pipelines, and in boats. Therefore, this 
phase of the industry must employ truck 
drivers, tank-car loaders, gaugers, men, and 
ships’ crews, which include captains, mates, 
engineers, seamen, cooks, oilers, ete. 

In a modern refinery, crude oil is received 
from the transportation division, stored in 
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PETROLEUM FLOW CHART 


FRACTIONATING 
Tower 


Fig. 2—Diagram of a modern refinery. 
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tanks, heated to a vapor, condensed into frac- 
tions, and each of the fractions subsequently 
treated in different ways. A very sketchy 
flow plan of a modern refinery may be 


graphically represented as shown in Figure 2. 
The oil and its products for the most part 
are contained within pipes, moved within the 
refinery by pumps, reacted inside of vessels, 
and stored inside of tanks. The less valuable 
fractions of the oil may be burned to furnish 


the heat and power necessary to vaporize 
the remaining oil and move it around the re- 
finery. In general, the refinery today utilizes 
two main types of workers, namely, (a) the 


process worker and (/b) the maintenance 


man. The process worker, in general, con- 
trols the operation of the particular unit, or 
one phase of the unit, for which he is respon- 


sible. A typical process worker today con- 


trols his unit from a control house, as shown 
in Figure 3. 


In addition, he may be required 


to take samples from the unit to send to the 


Fig. 3.—Interior of a control house in a modern 
refinery. 


WORKER 


laboratory and periodically inspect special 
areas of the unit. The maintenance man, on 
the other hand, repairs the various units or 
parts of units when they break down or need 
repairs. Thus he is a specialist in a trade in 
his own right. If a welded pipe needs repair, 
a welder rewelds it. If a motor breaks down 
and needs repair, a mechanic may handle the 
job. If an instrument needs repair, it is done 
If a tank needs 
cleaning, it is done by a tank-cleaning crew. 
A painter sees that tanks and other equip- 
ment are properly painted. A carpenter 
erects the scaffolding necessary for repair 
work in high places. 

In the marketing division, the refinery 
products are delivered to the ultimate con- 
sumer. This requires truck drivers, sales- 
filling-station operators, bulk-plant 
workers, can and barrel fillers, and so forth. 

Finally, each of the four divisions needs 
service employees, such as payroll clerks, 
stenographers, typists, planners, 
executives, research men, and the like. 


by an instrument man. 


men, 


lawyers, 


| have given you this brief description of 
the petroleum industry today, because the 
topic of my talk is “The Health of the Petro- 
leum Worker.” It is necessary for us all to 
understand quite clearly what we mean by 
“the petroleum worker.” Is he truly an en- 
tity that can be set off as separate and dis- 
tinct from any other worker? It has been 
estimated that in the petroleum industry 
today there are at least 500 separate and dis- 
tinct occupations represented, from the top 
executive, on the one hand, to the unskilled 
laborer, on the other. It could hardly be 
anticipated that the health of the executive 
would be the same as, or even comparable 
to, the health of the unskilled laborer. The 
for suffer from 
ulcers or high blood pressure resulting from 


executive, instance, may 
the stresses and strains of his job, while the 
unskilled laborer is more likely to suffer from 
low back pain or sore muscles as a result of 
the stresses and strains of his job. In be- 
tween, all grades of differences exist; and 
each job must be examined individually to 
discover the health problems that may be 
associated with it. The geologist or the pro- 
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ducing-camp employee may be subject to 
malaria,* which may require more attention 
from the physician and medical department 
than any other health problem. Thus Figure 
4 shows the malaria incidence in one big pro- 
ducing camp and how it was controlled by 
proper preventive measures, such as D. D. T. 


spraying, proper drainage, screening of 


homes, etc. This was not accomplished by 
reducing the hours of work. 

When a discussion of “The Health of the 
Petroleum Worker” is begun, it is self-evi- 
dent from what has previously been said that 
we must define “what” petroleum worker we 
are talking about. The health of the petro- 


EFFECT OF DOT PROGRAM ON MALARIA 
CARIPITO - VENEZUELA 
CREOLE PETROLEUM CORP. MEDICAL DEPT. 
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ing the jungle they may go through with 
D. D. T. and draining all this area. Rather, 
in this situation the approach would be to 
control the individual through suppressive 
medication rather than to control the en- 
vironment through sanitary engineering. 

Similarly, in the control of the occupa- 
tional environment,’ the approach may be 
either through personal protective devices 
(clothing, respirators, etc.) or through in- 
dustrial hygiene engineering (redesign of 
equipment, general ventilation, or local ex- 
haust ventilation). There is no one method 
that is best for all situations, but rather the 
preventive measures must be changed, modi- 


MALARIA RATE - LOSING TIME CASES PER 
1000 EMPLOYEES PER YEAR 


1940 1941 1942 1943 1944 1945 i946 


1947 | 1948 1949 1950 195! 1952 1953 1954 


Fig. 4.—Effect on the incidence of malaria among employees of an affiliate of the Standard 
Oil Co. (N. J.) after the institution of adequate sanitary engineering principles. 


leum worker will be dependent, all other 
things being equal, upon his occupation. 

The control of environmental health 
hazards, whether these hazards are contrib- 
uted by the occupational environment * or 
the geographical environment, is through 
well-established and accepted preventive 
techniques. Thus, the control of malaria, 
which may be considered a disease of the 
geographical environment of the petroleum 
worker, is either through the administration 
of suppressive medication or through proper 
sanitary engineering techniques. It would be 
considered neither advisable nor practical 
to attempt to control malaria in a group of 
three or four geological explorers by spray- 
128 


fied, and combined to suit the individual 
problem that is being handled. 


In the study which has been made of 
potential health hazards within the affiliates 
of the Standard Oil Co. (N. J.), surveys 
have been conducted of producing, refining, 
transportation, and marketing areas. In the 
producing areas the principal health prob- 
lems have been from infectious diseases, such 
as malaria, typhoid, bacillary dysentery, and 
the like, which are controlled through proper 
sanitary engineering. In addition, there have 
been problems associated with welding, lead 
burning, sandblasting, and other such main- 
tenance operations. These problems, how- 
ever, are not unique to the petroleum indus- 
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HEALTH OF THE PETROLEUM 
try but are present whenever welding, lead 
burning, or sandblasting is performed. They 
are present in the ship building industry, the 
automotive industry, or any other industry 
where these maintenance procedures are per- 
formed. Welding fumes, for instance, are 
controlled with local exhaust ventilation or, 
in some situations, with special masks that 
supply clean fresh air continuously to the 
welder in place of the air contaminated with 
welding fumes. 

In the Table, there is summarized a study 
of 606 areas in 14 refineries, 3 producing 
camps, and 7 marketing divisions of com- 
panies affiliated with the Standard Oil Co. 
(N. J.). It should be emphasized that these 
606 areas represent those most suspect of 
being associated with a health hazard. In 
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tion, and so it was recommended that the 
men be brought under periodic medical 
supervision to develop this information. An 
example of this would be the cancer-control 
program,® in which certain oils have been 
found to be carcinogenic to mice, but it is 
not known whether or not they truly repre- 
sent a cancer hazard to workers.’ The men 
were nonetheless provided with protective 
equipment and brought under periodic medi- 
cal surveys. 

In 171 of these areas (Column IT), it is 
known that the work is potentially hazardous, 
even though the controls at the time of the 
survey were perfectly adequate. In these 
circumstances, periodic study of the environ- 
ment by an industrial hygienist and/or of 
the men by the medical department seems 


Areas Most Suspect of Being Associated with a Health Hazard * 


I II il IV 
Potentially 
Definitely Hazardous, Suspect, Suspect, 
Hazardous Need Need Need 
Total or Unsatis- Periodic Medical Mechanical Satis- 
Occupational Areas, factory, Review, Review, Remedies, factory, 
Environment No. No. No. No. No. No. 
488 62 14 4 61 117 
3 producing locations............... 6 9 10 6 3 30 
7 marketing locations............... 58 2 7 0 17 34 
606 73 171 100 81 181 


* Surveys conducted by Medical Research Division, Staniard Oil Development Company. 


other words, each of these refineries, pro- 
ducing camps, and marketing divisions was 
first inspected by a trained industrial hy- 
gienist, and he picked out those environ- 
mental areas most likely to have health 
hazards. These were studied in detail and 
are summarized in this Table. It is, there- 
fore, of interest to note that in 181 of these 
areas (Column V), on detailed survey, no 
health hazards were found to be associated 
with them. In 81 of these areas (Column 
IV ), simple mechanical remedies were found 
sufficient to eliminate the hazard. An exam- 
ple of this type would be increasing the 
capacity of a fan so as to make already avail- 
able ventilation completely effective or de- 
signing a cover for an open vessel. In 100 
of the areas (Column III), the toxicological 
data or acceptable exposure levels were in- 
adequately established to permit full evalua- 


warranted. An example of this type of sit- 
uation is lead-burning or sandblasting opera- 
tions. In the first situation, the air that the 
workers breathe and the urine of the men 
engaged in this work should be analyzed for 
their lead content periodically. If either of 
these is found abnormal, the industrial hy- 
gienist can quickly devise the necessary con- 
trols. In the case of sandblasting, the air 
should be analyzed for its free (crystalline) 
silica content, and chest x-rays taken peri- 
odically on the men. Again, the purpose of 
this work is to insure correction of any un- 
satisfactory conditions before any irreparable 
damage has been done. This is prevention 
of disease rather than cure. 

Finally, in 73 areas, conditions were found 
unsatisfactory. In these situations it might 
have been necessary to design adequate ex- 
haust systems to rectify the situation, sub- 
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stitute less toxic materials for those being 
used, or modify the working habits of the 
men in order to eliminate the hazard. It 
must be said that in all 73 such areas the 
necessary corrective measures have either 
been taken or are in the process of being 
installed or instituted. Each of these areas 
either has been or will be resurveyed in the 
future to insure that the controls recom- 
mended are adequate. Therefore, today they 
would all fall under Column II of the Table. 
In no case, however, was the situation cor- 
rected by reducing the hours of work. 

It should be pointed out that most of the 
situations studied, that is, of the potentially 
hazardous occupations, were not among proc- 
ess men but rather among maintenance crews 
—potential lead exposures among painters,* 
lead burners, and bonders, welding fume ex- 
posures among welders, and so forth. Such 
hazards or potentially hazardous occupations 
are common to many industries as well as 
to the petroleum industry. Their control in 
all industry makes use of the same _ basic 
principles of sound industrial hygiene engi- 
neering. 

With proper engineering, safety, and medi- 
cal controls, no job in industry is too hazard- 
ous to undertake for health reasons. Any 
operation known to be associated with, or 
suspected of resulting in, impairment of 
health should be abandoned until more 
nearly adequate controls are devised. In the 
latter circumstances, “premium pay” is not 
a morally defensible solution; in the former 
situation, “premium pay” is unnecessary. 

It has been suggested® that “refinery” 
personnel develop gastric lesions and blood 
alterations as a result of the toxic action of 
petroleum and its derivatives. No measure- 
ments of environmental exposures were given 
in support of this contention. The solution 
suggested '® was reduction of working hours 
at the refinery to six a day, extra rest 
periods, and longer vacations. This approach 
is, of course, but a variation of “premium 
pay’ and, from what has been said above, 
is a morally indefensible solution. The 
proper solution lies in sound principles of 
industrial hygiene engineering and preventive 
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constructive medicine.* If the syndrome ob- 
served by Professor Ardao is truly the result 
of environmental exposures within the re- 
finery, then the solution lies in the control ** 
of these exposures by industrial hygiene en- 
gineering and personal protective equipment 
rather than in a modification of “premium 
pay.” Our own studies of the worst environ- 
mental exposures in over 600 areas in re- 
fineries, producing camps, and marketing 
areas have not disclosed environmental ex- 
posures which could account for the syn- 
drome which has been described. 

A previous analysis of employee disability 
and absenteeism in a large petroleum com- 
pany '* has shown that nonoccupational sick- 
ness is responsible for the major portion of 
this loss to industry and the worker. Much 
of this loss could be avoided by a preventive 
constructive medical approach, which repre- 
sents a positive approach to medical and 
health problems. The negative approach to 
this problem, as exemplified by curative 
medicine, is as unacceptable as the negative 
approach to potential occupational exposures. 
In occupational exposures, the positive ap- 
proach is represented by the prevention and 
control of exposures by industrial hygiene 
engineering, in contrast to the negative ap- 
proach of restricting working hours, in- 
creased vacation periods, and so forth. 


CONCLUSIONS 

A study of 606 areas in 14 refineries, 3 
producing camps, and 7 marketing divisions 
has been summarized. This study reveals the 
following facts: 

1. The health of the petroleum worker, 
as distinct from that of any other subdivision 
of the human race of comparable economic 
and social status, will be dependent upon his 
occupational exposures. 


2. In the four major subdivisions of the 


petroleum industry 


namely, producing, re- 
fining, transportation, and marketing—some 
500 basic occupations are represented. These 
extend all the way from laborers, to pipe 


* References 11 and 12. 
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HEALTH OF THE PETROLEUM 
fitters, boiler makers, process men, research 
chemists, etc., to office workers, including 
executives. 

3. Of these 500 basic occupations, about 
one-fifth, or 100, entail exposures which po- 
tentially may be hazardous if uncontrolled. 
Of these 100, not more than half, or 50, are 
confined to the petroleum industry alone. 

4. The remaining half, such as welders, 
machinists, painters, etc., are found in other 
industries too, such as the steel, rubber, and 
chemical industries. 

5. It is recognized by all authorities in the 
field of industrial health that where specific 
occupational exposures occur, be they in the 
petroleum or in any other industry, the ac- 
cepted method of prevention is to control the 
exposure at its source by standard industrial 
hygiene engineering techniques. 

6. A statistical study of actual findings 
made upon a complete industrial hygiene 
survey clearly indicates the effectiveness of 
this approach. 

7. This positive approach to the health 
needs of the petroleum worker implies that 
there is mutual understanding and appre- 
ciation of the problems involved by all con- 
cerned, namely, management, the health 
maintenance team, and the worker. 


45 Rockefeller Plaza, New York. 
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TOXICITY TESTS OF DECABORANE FOR 


|. Acute Toxicity Studies 
J. L. SVIRBELY, Ph.D., Pittsburgh 


CUTE vapor toxicity studies carried 
out in the laboratory with decaborane 
(BioHi4) and pentaborane (B;Hg) in rats 
and mice indicate that they are extremely 
toxic and affect the central nervous system.’ 
An accumulative toxic effect was observed 
in rats subjected to repeated subacute inha- 
lation exposures of these compounds.? Ner- 
vous system effects have been noted in plant 
personnel exposed to an undetermined mix- 
ture of boron hydrides.* However, data on 
the toxicity to mammals by other routes of 
administration have also been regarded as 
essential for proper evaluation of the poten- 
tial hazards of new chemicals which were to 
be extensively used in industry. A brief sum- 
mary of some of the toxic effects of diborane 
pentaborane, and decaborane in 
man as well as in laboratory animals has re- 
cently been published.* The present report 
contains additional information concerning 
the acute toxicity of decaborane by intra- 
peritoneal injection, oral administration, and 
percutaneous application for laboratory ani- 
mals. Such studies could not be done at the 
present time with pentaborane owing to the 
difficulties in its application. 


EXPERIMENTAL PROCEDURES 


The samples of decaborane used in this experi- 
mental work were obtained from 
source and were abcut 98% pure. 

Decaborane is a white, crystalline solid (m. p., 
99.7 C.), insoluble in water, propylene glycol, or 
polyethylene glycol, but soluble in dioxane, carbon 


a commercial 


Research Associate, Department of Occupational 
Health, Graduate School of Public Health, Uni- 
versity of Pittsburgh. 

This work was done under Chemical Corps 
Contract No. DA-18-108-CML-658, Medical Lab- 
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disulfide, benzene, and xylene. Since decaborane is 
not soluble in solvents customarily used for tox- 
icity tests, a suspension of this material in agar- 
saline was prepared for intraperitoneal injection 
and stomach-tube administration. In these cases, 
weighed amounts of decaborane were ground to a 
fine state in a mullite mortar, suspended in an 
appropriate volume of 0.25% agar-saline mixture, 
and known volumes were given to the experimental 
animals. For the percutaneous tests, the decaborane 
was dissolved in a minimal volume of dioxane to 
which either 3-in-1 Oil or corn oil was added. 
This mixture was applied to the clipped intact 
backs of animals used in the tests. Control animals 
were treated under similar conditions with a 
dioxane-oil mixture. 

Male rats (CFW), male mice (CFW), male rab- 
bits (Pure Line strain of New Zealand Albinos), 
and female mongrel dogs were used in these ex- 
periments. These adult animals had been obtained 
from commercial sources and had been kept under 
observation for at least one month before they were 
placed on test. The rats and mice were fed Rock- 
land Rat Diet*; the rabbits, Rockland Rabbit 
Ration; the dogs, Friskies Dog Food Meal. 

The toxicity of decaborane was measured by ad- 
ministering it, in graded doses, intraperitoneally as 
well as orally to rats and mice, intraperitoneally in 
dogs, and also by percutaneous application on rats 
and rabbits. The animals were selected on the 
basis of general behavior and apparent good health. 
After the administration of decaborane, the ani- 
mals were observed for their behavior, body-weight 
changes, and times of death. Survivors were ob- 
served for at least two weeks. The L. D.w values 
were determined by the method of Thompson.® 
Tissues were obtained in selected cases for micro- 
scopic examination. 

RESULTS 

1. Effects of Intraperitoneal Injections 
and Oral Administration in Mice and Rats. 
—From the data presented in Tables 1 and 
2, it appeared that decaborane is toxic regard- 
less of whether it is adminstered intraperi- 
toneally or orally. Included in Table 1 are 
comparative figures showing the relatively 
low toxicity of boric acid. 


* Rockland Farms, New City, N. Y. 
+ Albers Milling Co., Kansas City, Mo. 
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TESTS OF DECABORANE 


—Fasted Eighteen 


Hours—Water ad Libitum 


Taste 1.—To-xicity of Decaborane and Boric Acid in CFW Adult Male Mice (Average Weight, 20 Gm.) 


Dosage, — - 
0-4 Hr. 24 Hr. 48 Hr. 


1 Wk. 


2 Wk. 


Cumulative Mortality Following Administration 


3Wk. 


No. Meg./Kg. 72 Hr. 
Toxicity of Deeaborane by Intraperitoneal Injection 
15.8 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 
Mb dastccusnneawece 25.2 0/10 0/10 0/10 0/10 0/10 0/10 1/10 1/10 
Ptatradhesdaceubon 31.6 1/10 2/10 4/10 5/10 5/10 5/10 5/10 6/10 
39.8 0/10 3/10 9/10 10/10 
L.D.50 (48 hr.) = 33.2 mg./kg. within ranges of 30.5 and 36.2 mg./kg. 
Toxicity of Decaborane by Stomach-Tube Administration 
31.6 0/5 0/5 1/5 1/5 1/5 1/5 1/5 1/5 
39.8 0/5 0/5 2/5 2/5 2/5 2/5 2/5 2/5 
0.0 0/5 2/5 4/5 , 4/5 4/5 4/5 4/5 4/5 
Gist utt-conqeacanes’ 63.0 2/5 2/5 5/5 (within 29 hr.) 
L.D.s0 (48 hr.) = 40.9 mg./kg. within ranges of 33.4 and 50.2 mg./kg. 
Toxicity of Borie Acid by Intraperitoneal Injection 
Biv isuvsdeckdacaees 100 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Diets cuscssnnedinne 200 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Diveissaddtnvenoees 400 0/5 0/5 0/5 0/5 0/5 0/5 1/5 1/5 
Gi vanvevewasdensens 800 0/5 0/5 0/5 0/5 0/5 1/5 1/5 1/5 
Toxicity of Borie Acid by Stomach-Tube Administration 
Ee ee 100 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Witakeveckaadessasa 200 0/5 0/5 1/5 1/5 1/5 1/5 1/5 1/5 
Mikacwetaksaencaees 400 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Diwedenccudiandenen 800 0/5 0/5 0/5 0/5 0/d 0/d 0/5 0/5 


TaBLe 2.—Toxicity of Decaborane by Intraperitoneal Injection in CFW Adult Male Rats—Fasted 
Eighteen Hours—Water ad Libitum 


Dosage, 


Cumulative Mortality Following 


Administration 


No. Mg./Kg. 0-4 Hr. 24 Hr. 48 Hr. 72 Hr. 1 Wk. 2 Wk. 3 Wk 4Wk 
5 15.8 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
20.0 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
25.2 0/5 1/5 45 4/5 4/5 4/5 4/5 4/5 
31.6 0/5 5/5 
39.8 2/5 5/5 2 rats dead within 3 hr. 
50.0 4/5 5/5 3 rats dead within 3 hr. 
63.0 5/5 4 rats dead within 1 hr.; 5th dead within 3 hr. 
L.D.so (24 hr.) = 27.0 mg./kg. within ranges of 24.7 and 29.5 mg./ke. 
L.D.s0 (48 hr.) = 23.4 mg./kg. within ranges of 21.4 and 25.6 mg./kg. 
Five rats given 800 mg./kg. of borie acid i.p. showed no deaths in 2-wk. period. 
Toxicity of Decaborane Following Stomach-Tube Administration 
Ditnceses 20.0 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Bu wscesce 25.2 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
eee 31.6 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Raichins 39.8 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Wivase< ks 50.0 0/5 0/5 0/5 0/5 0/5 0/5 0/5 
Besedeces 63.0 0/5 0/5 3/5 3/5 3/d 3/5 3/5 
79.5 0/5 0/5 0/5 1/5 1/5 1/5 
100.0 0/5 1/5 5/5 : 
L.D.s0 G48 hr.) = 64.3 mg./kg. within ranges of 57.5 and 71.8 mg./kg J 


Signs of intoxication among the mice fol- 
lowing intraperitoneal 
mild to severe convulsions, incoordination, 


injection included 
tolerance of side-position, cyanosis, dyspnea, 
lethargic state, loss of appetite, cold to touch, 
coma, and death. Recovery, if any, from the 
toxic effects of decaborane usually occurred 
after 48 hours. 


In general, the above observations were 
noted, although there was a time delay in 
mice following single oral administrations of 
decaborane. Corneal opacities in one eye 
were seen in several of the mice after death. 

As indicated in Table 1, no ill effects were 
observed in mice following intraperitoneal 
or oral adminstration of boric acid, although 
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a few mice died on some of the dosage levels 
employed. A review and discussion of the 
literature by Kunkel ® suggest that it is un- 
likely that the observed symptoms in boron 
hydride poisoning can be produced by the 
known hydrolysis products of the hydrides: 
boric acid and hydrogen. In the same refer- 
ence, calculations are presented which indi- 
cate that diborane is probably between 250 
and 15 times as toxic as boric acid. The re- 
sults of these present tests, presented in Ta- 
bles 1 and 2, bear out the fact that the sys- 
temic toxic effects noted with decaborane 
can scarcely be attributed to boric acid which 
may have resulted as an end-product of hy- 
drolysis of this hydride. 

The following signs of intoxication were 
observed in rats following intraperitoneal in- 
jections of decaborane : 

From 31.6 through 63.0 mg/kg.—mild 
transitory spasms, tolerance of side-position, 
limp and flaccid state, dyspnea followed by 
delayed (gasping-type) breathing, coma, and 
death. The limp and flaccid state did not 
appear to be due to deep narcosis, since a 
response was obtained on pinching the paws. 
Circular, running-like movements of the front 
and the hind legs were noted among the rats 
on the 39.8 and 50.0 mg/kg. levels. A cloudi- 
ness or corneal opacity was frequently noted 
in the eyes of rats after death. 

From 20.0 to 25.2 mg/kg.—grogginess, 
transitory convulsions, listlessness, dyspnea, 
limp and flaccid state, tolerance of side-posi- 
tion, stupor, and convulsive tremors on being 
handled. Rats on the lower level showed re- 
covery from the toxic effects of decaborane 
after four hours. Disturbances in equilibrium 
were noted in a number of rats on the fol- 
lowing day as well as a dark discharge about 
the eyes and nares. This discharge cleared 
up after 48 hours. Cloudiness and corneal 
opacities were noted in some of the rats after 
death. 

At 15.8 mg/kg., the observations noted at 
the other levels were seen at this dosage level, 
although the convulsions appeared to be more 
marked before the limp and flaccid state was 
reached. Recovery was evident among the 
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rats four hours after injection. A dark dis- 
charge was noted in two out of five rats on 


the following day, but this cleared up after 
48 hours. 


No marked signs of intoxication were ob- 
served in the rats following single oral dos- 
ages of 20.0, 25.2, or 31.6 mg/kg. of decabor- 
ane, respectively. At the higher levels (39.8 
to 63.0 mg/kg. ), listlessness, limp and flaccid 
state, dyspnea, ataxia, convulsive tremors 
which persisted 14 hours afterwards (espe- 
cially when the rats were handled), a dazed 
or stuporous state, and death were noted. 
A dark discharge about the eyes and nares, 
ataxia, loss in appetite, and debility were 
noted in a majority of the surviving rats on 
the following day. Recovery from the toxic 
effects of decaborane generally occurred after 
48 hours. Cloudiness or corneal opacities in 
one eye were frequent in rats after death. 


No marked gross pathological changes 
were noted in the organs of rats and mice 
that died within 24 hours after intraperi- 
toneal or oral administration of decaborane. 
Generally, after this time, the lungs were 
found to be congested, the adrenals were 
slightly dark in color, and the surfaces of the 
livers were mottled or slightly coarsened. 

2. Effects of Intraperitoneal Injections in 
Dogs.—The following signs of intoxication 
were noted in female mongrel dogs, fasted 
24 hours, that received injections of 15.8, 
20.0, and 25.0 mg/kg. of decaborane, respec- 
tively. At 15.8 mg/kg., vomiting occurred 
within one hour after injection; ataxia and 
comatose state (lying on the side), in 17 
hours; convulsions on being touched while 
lying on the side, in 25 hours, and death, in 
41 hours. Gross pathological examination 
showed a fatty liver, with a mottled yellow- 
brown surface, and congested lungs. The mi- 
croscopic report indicated moderate glomeru- 
litis, with congestion and severe cloudy 
swelling of tubules of the kidney; hemor- 
rhagic pulmonary edema; toxic disorganiza- 
tion of the lymph nodes, and marked destruc- 
tion with no recognizable liver parenchyma. 


At 20.0 mg/kg., vomiting occurred several 
times about an hour after injection. De- 
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pressed stages were shown by an encephalo- 
gram recording when the dog was not con- 
vulsing, and tremors were noted in 234 
hours; a semicomatose state was observed 
in 23 hours (the dog had mild tremors when 
subjected to a sudden noise) ; muscular inco- 
ordination, in 27% hours (serum cholines- 
terase at this time was found to be 113 cu. 
mm. COs for 0.1 ml. serum in a 30-minute 
period as compared with normal values in 
dogs of 110 to 140 cu. mm.) ; moribund state 
and opisthotonos, in 47 hours, and death, in 


hours, and comatose state in 27 hours (serum 
cholinesterase was found to be 125 cu. mm. 
COz for 0.1 ml. serum; the blood was very 
viscous and dark ). 


The dog was killed 2734 
hours after the decaborane had been given. 
Gross pathological examination showed con- 
gested liver as well as kidneys and a slight 
congestion in the lungs. The microscopic re- 
port indicated marked congestion of glomer- 
uli with slight cloudy swelling of tubules of 


the kidney, marked congestion, edema, and 


TABLE 3.—Acute Toxicity Studies Following Penetration of Rabbit and Rat Skin by Decaborane- 


xane-3-in-1 


Dio 


Dosage, 
Mg./Kg. 1-2 Hr. 


Rabb 


Hr. 


31.6 

63.0 
126 
252 


500 


3 
3 
3 


Controls 3 


Oil Mixtures 


Cumulative Mortality 


2-4 Hr. 
its 


24 Hr. 48 Hr. 1 Wk. 


.D.s0 (24 hr.) = 113 mg./kg. within range of 51 to 247 mg./kg. 


-D.so (48 hr.) = 71 mg./kg. within range of 32 to 155 mg. 


Rat 

Dosage, 

Mg. Kg. 
252 
316 
398 
500 

Controls 
630 
795 

1,000 5 

Controls 3 0/3 


Av. Wt., Gin. 0-1 Hr. 1-2 Hr 


kg. 


s 


48 Hr. 


L.D.s0 (24 hr.) = 890 mg./kg. within range of 812 to 976 mg 


L.D.so (48 hr.) = 740 mg./kg. within range of 676 to 809 m 


71 hours. Congested lungs and kidneys, gas 
in the intestines, and a fatty, friable, mottled 
yellow-brown liver were noted at autopsy. 
The microscopic report indicated marked 
glomerulitis and cloudy swelling of tubules, 
with hemorrhagic congestion and casts in all 
sections of the kidneys ; normal myocardium ; 
profound control necrosis of the liver, and 
hemorrhagic pulmonary edema. 

At 25.0 mg/kg., convulsive seizures in 
2% hours, froth at the mouth as well as de- 
layed breathing in 344 hours, stuporous state, 
with considerable froth at the mouth, in 334 
hours, in 22 


marked convulsive seizures 


g. 


marked central necrosis of the liver, and hem- 
orrhagic congestion, with pulmonary edema. 

3. Percutaneous Application in Rats and 
Rabbits —lIt is apparent from the data pre- 
sented in Table 3 that rats were more resis- 
tant to the toxic effects of decaborane than 
rabbits by this mode of administration. No 
irritant effects were observed on the skins of 
the animals at the site of application. The 
onset and severity of the signs of intoxication 
depended on the amount of decaborane ad- 
ministered. In rabbits, listlessness, a tend- 
ency to lie on the side, nystagmus, dyspnea, 
weakness, ataxia, minor convulsions when 
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the head was touched, comatose state, and 
death were noted. No convulsions were noted 
in the rabbits that died two hours after the 
administration of the higher dosages of dec- 
aborane. Corneal reflexes were present even 
when the rabbits were in the comatose state. 
An odor of decaborane was detected in the 
blood of the animals that died about one hour 
after this compound had been applied. No 
corneal opacities were noted in the eyes after 
death. Friable and fatty livers were found at 
autopsy in rabbits that died after 24 hours. 

Listlessness and hyperexcitability were 
noted in the rats about 24 and 48 hours after 
they had received dosages ranging from 252 
to 500 mg/kg. At higher dosage levels, 630 
to 1000 mg/kg. convulsions, paralysis of the 
hindlegs, delayed (gasping-type) breathing, 
comatose state, and death were observed after 
20 hours. Ejaculated semen was generally 
noted in the rats after death. Dark-colored 
adrenals, congested lungs, and either con- 
gested or friable livers were seen at autopsy. 
Recovery from the toxic effects of decaborane 
was evident by the third day. No gross 
changes were observed in the organs of rats 
killed after a two weeks’ postexposure period. 


COMMENT 


In these comparative studies, emphasis 
has been placed upon quantitative measure- 
ments of acute toxicity among the species of 
animals used in terms of mortality and capa- 
city to cause nonfatal injury. Such studies 
may be as important in industrial operations 
as chronic studies. In a brief summary of 
some of the data obtained from our experi- 
mental work, it had been suggested that the 
absence of convulsions (in rabbits) at higher 
doses may be of practical significance in 
evaluating the degree of exposure and prog- 
nosis in persons exposed to the higher boron 
hydrides.*’ From the toxicity data obtained 
with decaborane, it can be concluded that sig- 
nificant hazards exist by all practical routes 
of administration. The hazards by skin ab- 
sorption, not only of decaborane but also of 
other boron hydrides, should especially be 
appreciated from the industrial hygienist’s 
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viewpoint. To safeguard workers who have 
had direct contact with these hydrides, gen- 
eral protective measures should include re- 
moval of contaminated clothing and irriga- 
tion of the skin or eyes with copious amounts 
of water.* 

SUMMARY 


The central nervous system effects previ- 
ously observed with inhalation studies of 
decaborane in rats and mice have been noted 
in acute toxicity studies with rats, mice, dogs, 
and rabbits following intraperitoneal injec- 
tion, oral administration, and percutaneous 
application. 

The severity and extent of the signs of 
intoxication with this compound depended 
on the dosage regardless of the mode of ad- 
ministration. 
tremors, 


incoordination, 
convulsions, comatose state, and 
death were noted at the lower dosage levels. 
At higher concentrations, there appeared to 
be an absence of convulsions, although the 
animals were prostrated, had a delayed-type 
of breathing, and were comatose prior to 
death. 


Listlessness, 


Histopathological examination of various 
organs of dogs given decaborane by intra- 
peritoneal injection suggested evidence of 
liver and kidney damage. 

Results of these acute toxicity studies with 
decaborane indicated that the L. D.59 values 
would be as follows: 

(a) Intraperitoneal injection 

Mice (48 hours) = 33.2 mg./kg. 
30.5 and 36.2 mg./kg. 
Rats (24 hours) = 27.0 mg./kg 


24.7 and 29.5 mg./kg. 


Rats (48 hours) = 23.4 mg./kg. 
21.4 and 25.6 mg./kg. 


within ranges of 
. within ranges of 
within ranges of 


(b) Oral administration 
Mice (48 hours) = 40.9 mg./kg. 
33.4 and 50.2 mg./kg. 


Rats (48 hours) = 64.3 mg./kg. 
57.5 and 71.8 mg./kg. 


within ranges of 
within ranges of 


(c) Pereutaneous application 


Rabbits (24 hours) = 113 mg./kg. within ranges 
of 51 and 247 mg./kg. 


Rabbits (48 hours) = 71 mg./kg. within ranges 
of 32 and 155 mg./kg. 


Rats (24 hours) = 890 mg./kg. within ranges of 
812 and 976 mg./kg. 

Rats (48 hours) = 740 mg./kg. within ranges of 
676 and 809 mg./kg. 


The systemic toxic effects of decaborane 
did not appear to be attributable to boric acid 
which might result as an end-product of hy- 
drolysis of this hydride. 
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ll. Effect of Repeated Doses 


J. L. SVIRBELY, Ph.D., Pittsburgh 


RECENT summary of the toxic effects 
A of diborane (BzH¢), pentaborane 
and decaborane (ByoH 4) in man, 
as well as in laboratory animals, emphasizes 
the fact that these hydrides should be con- 
sidered as extremely toxic compounds which 
must be handled with due respect for their 
toxicity.' A previous report from this lab- 
oratory has dealt with the acute toxicity 
studies of decaborane by intraperitoneal in- 
jection, oral administration, and percutaneous 
application to laboratory animals.* Convul- 
sions and other central nervous system 
changes were noted in these experiments, 
similar to those I * observed in rats and mice 
following acute inhalation exposures to this 
compound. Following repeated subacute in- 
halation exposures to decaborane, an accu- 
mulative toxic effect was observed.* Similar 
accumulative toxicity had also been seen in 
rats subjected to repeated subacute inhala- 
tion of pentaborane-air mixtures.* The pres- 
ent report deals with the cumulative effects 
of repetitive small doses of decaborane in 
laboratory animals by intraperitoneal injec- 
tion, oral administration, and percutaneous 
application. 


EXPERIMENTAL PROCEDURES 


The samples of decaborane used in these studies 
were about 98% pure and were obtained from com- 
mercial sources. 

Since decaborane is not soluble in the solvents 
customarily utilized for toxicity tests, appropriate 
volumes of a 0.25% agar-saline decaborane sus- 


Research Associate, Department of Occupational 
Health, Graduate School of Public Health, Uni- 
versity of Pittsburgh. 

This work was done under Chemical Corps Con- 
tract No. DA-18-108-CML-658; —3910, Medical 
Laboratories, Army Chemical Center, Md. 
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pension were given intraperitoneally or orally to 
rats. For percutaneous application, the decaborane 
was dissolved in a minimal volume of dioxane to 
which corn oil was generally added. This mixture 
was applied to the clipped intact backs of animals 
used in the tests. Dogs were given oral doses of 
decaborane in gelatin capsules. 

Male rats (CFW), male rabbits (Pure Line 
strain of New Zealand Albinos), and female mon- 
grel dogs were used in the experiments. These 
adult animals had been obtained from commercial 
sources and had been kept under observation for 
several months before they were placed on test. The 
animals used in the tests were selected on the basis 
of general behavior and apparent good health. 

The rats were fed Rockland Rat Diet,* the rab- 
bits Rockland Rabbit Ration, and the dogs Friskies 
Dog Food Meal. 

After the dosage with decaborane, the animals 
were again observed for their behavior, body-weight 
changes, and length of survival. Tissues were ob- 
tained in selected cases for microscopic examination. 
A future report will describe the histopathologic 
studies. 

In general, the method of Smith and associates,5 
based on the sulfobromophthalein sodium retention 
test of Rosenthal and White,t was used for de- 
termining hepatic damage in dogs. 

Hematological examinations were done on the 
exposed and control dogs at regular intervals during 
the preexposure period and once during the first 
week of exposure. The determinations consisted of 
red and white cell as well as differential counts, 
in addition to hemoglobin determination. Total cell 
counts were made in duplicate within two or three 
hours after the blood had been obtained. Differential 
counts were made from two smears stained with 
Wright's stain. Generally 100 cells were counted. 
The hemoglobin was determined by an alkaline- 
hematin method * and the hematocrit by the Van 
Allen microhematocrit method.® 

In addition to these tests, daily routine urinalyses 
were performed on the dogs by standard clinical 
methods. These analyses consisted of volume, spe- 
cific gravity, pH, appearance, sugar, acetone, albu- 
min, and blood. 


* Rockland Farms, New City, N. Y. 
+ Albers Milling Co., Kansas City, Mo. 
t References 6 and 7. 


5 
: 
: 
4 
4 
4 
= 


TOXICITY TESTS OF DECABORANE 


RESULTS 

1. Effects of Repetitive Doses of Deca- 
borane in Rats by Intraperitoneal Injection 
and Oral Administration—The mortality 
among rats given repeated doses of deca- 
borane by intraperitoneal injection (i. p.) 
and oral administration is given in Table 1. 
The majority of the deaths occurred within 
24 hours after the last dose. 

The following signs of intoxication were 
still evident among the majority of the sur- 
viving rats about 12 days after the seventh 
consecutive intraperitoneal injection of deca- 
» borane: belligerence, nervousness, excitabil- 
ity, facial twitching, incoordination, inflamed 
eyes, and convulsive movements. The gain 
in weight was retarded. No marked gross 
pathological changes were noted in the or- 
gans of either the fatally poisoned rats or 
those that were killed 
after the seventh dose. 


about three weeks 

Among the toxic effects noted in the rats 
that had received decaborane by stomach- 
tube feeding were nervousness, hyperexcita- 
bility, dyspnea, ataxia, marked convulsions, 
tremors, flaccid type of paralysis, comatose 


TABLE 1.—Mortality Among Rats Given Repeated 
Doses of Decaborane by Intraperitoneal Injec- 
tion and Oral Administration 
Five Rats per Dosage Level 


Total 
Amount of 
Decaborane 
Dosage, Given 
Mg./Kg. per Rat, 
Mortality Mg./ Ke. 
5 1/5 dead after 7th dose 35 
2/5 dead 7 days after 7th dose 35 
3/5 survived 7 doses 35 
10 1/5 dead after 2d dose 20 
3/5 dead after 3d dose 30 
5/5 dead after 4th dose 40 
20 1/5 dead after Ist dose 20 
5/5 dead after 2d dose 40 


L.D.so (48 hr.) for i.p. injection had been found to be 
23.4 mg./kg. within ranges of 21.4 and 25.6 mg./kg.? 


Oral 
10 2/5 dead after 7th dose 70 
3/5 survived 7 doses 70 
20 2/5 dead after 3d dose 60 
4/5 dead after 4th dose 80 
5/5 dead after 5th dose 100 
40 2/5 dead after 2d dose 80 
5/5 dead 3 hours after 3d dose 120 


L.D.so (48 hr.) for oral administration had been caleu- 
lated to be 64 mg./kg. within range of 58 to 72 mg./kg.*® 


TasLe 2.—Mortality Among Rats and Rabbits Fol- 
lowing Percutaneous Applications of Decabor- 
ane-Dioxane-Corn Oil Mixtures 


| 


Total 
Amount of 
Decaborane 


Given per 
Dosage, 


Animal, 
Mg. Kg. Mortality Mg. Kg. 
Rats—5 per Group 

37.5 1/5 dead after 5th dose 187.5 
2/5 dead after 6th dose 225.0 
3/5 survived 7 doses 262.5 
750 5/5 dead after 3d dose 225.0 
150.0 4,5 dead after 2d dose 300.0 


5/5 dead after 3d dose 450.0 


L.D.s0 (48 hr.) for percutaneous administration had pre- 


viously been found to be 740 mg./kg. within ranges of 
676 and 809 mg./kg.? 


Rabbits—3 per Group 
5 1/3 dead after 3d dose 15.0 
2.3 survived 7 doses 35.0 
10 13 dead after 2d dose 20.0 
2/3 dead after 6th dose 60.0 
3,3 dead 3 days after 7th dose 70.0 
25 3/3 dead after 3d dose 75.0 
L.D.so (24 br.) = 113 mg./kg. within ranges of 51 to 247 
mg. 
L.D.se (48 br.) = 71 mg./kg. within ranges of 32 to 155 
mg./kg.* 


state, convulsive-type death, and a marked 
weight loss. Recovery from decaborane pois- 
oning was noted in the surviving rats about 
two weeks after the seventh dose, although 
the gain in weight was still retarded. Gross 
pathological changes in the fatally poisoned 
rats generally showed fatty livers, congested 
lungs with signs of edema, and gas in the 
gastrointestinal tract. 

2. Effects of Repeated Administration of 
Decaborane in Rats and Rabbits by Percu- 
taneous Application—The mortality among 
rats and rabbits following percutaneous ap- 
plication of decaborane-dioxane-corn oil mix- 
tures is given in Table 2. The majority of 
the deaths occurred within 24 hours after 
the last dose. 

The signs of intoxication noted during 
the administration of this compound and for 
11 days after the last dose in the surviving 
rats were similar to those observed in rats 
following intraperitoneal injections of deca- 
borane. No marked pathological changes 
were noted in the organs of the rats killed 
about two weeks after the last dose, although 
the livers appeared to be of the nutmeg type 
or had fatty areas. 
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The toxic effects of decaborane seemed 
to be more pronounced in the rabbits, com- 
pared with those seen in the rats. In addition 
to the symptoms previously noted among the 
decaborane-poisoned rats, opisthotonos, cata- 
racts of varying severity, lack of response 
to mild stimulation, and an unusual irritation 
when stimulated were observed among the 
rabbits shortly after the fourth dose. Re- 
covery from decaborane poisoning in the 
rabbits did not appear to be complete even 
one week after the last dose. No gross patho- 
logical changes were noted in the organs of 
experimental rabbits killed about two and 
one-half weeks after the end of the exposure 
period, although fatty livers and congested 
spleens were generally found in those animals 
that died during the test. i 

3. Effects of Oral Administration of Deca- 
borane in Dogs.—Gelatin capsules containing 
decaborane were force-fed daily to three dogs 
at a dosage level of 3 mg. per kilogram of 
body weight. Two of three dogs were found 
dead at 10 and 46 hours, respectively, after 
the fourth dose, and the last animal was 
killed 26 hours after the fifth dose. Two 
other dogs served as controls. 

The signs of intoxication generally ob- 
served in the dogs following repeated ad- 
ministration of decaborane were vomiting, 
anorexia, listlessness, dilation of the con- 
junctival blood vessels over the sclera, 
nervousness, tachypnea, ataxia, rhythmic 
tremors of the head, tachycardia, bradypnea, 
bradycardia, moribund state, and death. 

Blood was obtained from the dogs for 
hematological examination about 18 hours 
after the third dose of decaborane had been 
administered. The sulfobromophthalein so- 
dium liver-function test was also done around 
this time and showed a retention of the dye 
in the three dogs of 75, 13, and 6% respec- 
tively (based on time of death) as compared 
with retentions in the control dogs of 2.5 
and 3%. 

The hematological findings in the treated 
dogs showed an increase in the percentage 
as well as in the total number of polymor- 
phonuclear neutrophiles. A similar increase 
had been noted in rats exposed over an ex- 
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tended period of time to decaborane-air mix- 
ture at a level of 20 ppm.* 

An elevated urinary creatinine level was 
noted shortly before evidence of albumin and 
blood was found in the urine about three to 
four days after the first administration of 
decaborane. No marked changes were other- 
wise noted in daily routine 24-hour urin- 
alyses, which included determinations of vol- 
ume, specific gravity, pH, sugar, and acetone. 

Following withdrawal of blood for the 
liver-function test, a massive hematoma de- 
veloped in the right jugular area of one dog, 
which was found dead about 10 hours later. 


During autopsies on the three dogs, the pan- 


creas was noted to be pink; the liver either 
was markedly pale and fatty or vas slightly 
congested; the spleen was congested, and 
the lungs generally appeared to be normal, 
although in the case of the dog with the 
hematoma the right lobe was congested. 
Results of histopathological examination of 
tissues will be published at a later date. 

4. Effects of Repetitive Intraperitoneal In- 
jections of Decaborane in Rabbits —Two rab- 
bits which received daily intraperitoneal in- 
jections of 1 mg/kg. of decaborane died 
within 22 hours after the fourth and sixth 
doses, respectively. One of four, three of four, 
and four of four rabbits were found dead on 
a 2 mg/kg. level about 24 hours after the 
third, fifth, and sixth doses. The central nerv- 
ous system effects (observed previously 
among the rats and rabbits given repeated 
doses of decaborane by percutaneous applica- 
tions) were not pronounced in this study, a 
finding in agreement with the results obtained 
in dogs receiving repetitive small oral doses 
of this hydride. 


COMMENT 


Studies previously carried out in this lab- 
oratory had indicated that rats, mice, and 
rabbits which survived the administration of 
relatively large single doses of decaborane 
generally showed signs of recovery from the 
toxic effects after 48 hours. However, in the 
present series of experiments the mortality 
found, as well as the severity and the mark- 
edly delayed rate of recovery from the toxic 
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TOXICITY TESTS OF DECABORANE 
effects of decaborane, indicated a cumulative 
effect of this hydride in the animal body. 
These adverse effects occurred at intensities 
of repeated exposures far less than those 
which might be dangerous to life. In view 
of these facts, emphasis should be placed 
upon the cumulative effect of decaborane 
and perhaps of the other boron hydrides or 
mixtures of these hydrides in evaluating the 
hazards of these compounds. Detoxification 
of decaborane does not appear to occur read- 
ily in the body, and additional work remains 
to be done not only on the specific mecha- 
nisms of action but also on ways to prevent 
or counteract these actions. 

The toxic effects of decaborane are fairly 
well defined in a given species, and a number 
of features are common to several species. 
In this study, although an accumulative toxic 
effect appeared to have been built up in dogs, 
the evidence of central nervous system 
changes was not as pronounced in this species 
as in the case of rats and rabbits given repeti- 
tive doses by percutaneous application or in 
dogs previously given large single intraperi- 
toneal injections of decaborane.? However, 
the observations on the dogs while still alive, 
the presence of albumin and blood in the 
urine, liver-function tests, and gross post- 
mortem findings indicated that the liver and 
kidney were probably damaged. 


SUMMARY 


A cumulative toxic effect was observed in 
rats, rabbits, and dogs following the admin- 
istration of repetitive small doses of deca- 
borane by intraperitoneal injection, oral ad- 
ministration, and percutaneous application. 

In this study, evidences of central nervous 
system changes, previously noted in acute 
toxicity studies with other species in this 
laboratory, appeared to have been intensified 
in rats and rabbits following percutaneous 
applications but were not found in dogs or 
in rabbits following oral administration or 


intraperitoneal injection, respectively. The 
data obtained in the case of the dogs indi- 
cated possible damage to the liver and kidney. 


The rate of recovery from the adverse ef- 
fects of decaborane in those animals that sur- 
vived repeated administrations of decaborane 
was markedly delayed in comparison with 
the recovery rate for animals that had re- 
ceived relatively large single doses of this 
hydride. 

In view of the -possibility of frequent re- 
peated exposures of personnel to small 
amounts of decaborane, consideration should 
be given to the hazards that may arise from 
the cumulative action of this compound, 
either singly or in mixtures with other boron 
hydrides. 
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PARTITIONAL RESPIROMETRY 


A System for Measuring Pulmonary Functional Capacity in Terms of Its Elements: 


Ventilation, Diffusion, Blood Flow 


THEODORE HATCH, S.M. 
and 
KENNETH M. COOK, Ph.D., Pittsburgh 


LTHOUGH the cardiorespiratory sys- 
tem is a complex physiological one, 
there are certain underlying physical laws 
which determine in part the rate of gas ex- 
change between the blood and outside atmos- 
phere. An understanding of these is useful in 
comparing health hazards from exposures to 
toxic vapors and gases which differ in their 
rates of respiratory uptake. The develop- 
ment of procedures for measuring pulmonary 
functional capacity and for determining the 
nature and degree of respiratory impairment 
may also come from such understanding. 
This paper deals with the respiratory sys- 
tem in such physical terms, considering it as 
a gas-liquid equilibrating apparatus, and pro- 
poses a method of “partitional respirometry” 
for breaking down the over-all pulmonary 
function into its separate parts and deter- 
mining the relative contribution of each to 
the total gas exchange capacity. The ap- 
proach is not new; the gas exchange process 
has been treated in this physical manner by 
a number of investigators, and the results, 
ranging from simple to highly complex 
mathematical statements, have been exhaus- 
tively reviewed by Kety,’ who suggested the 
possibility of utilizing such relationships in 
designing procedures for measuring pulmo- 
nary functional capacity. Owing to the com- 
plexity of the mathematical expressions, 
however, and the limitations imposed by the 
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assumptions which had to be made for their 
formulation, no practical test procedures 
have been developed from them. 


MATHEMATICAL ANALYSIS 


Assuming Continuous Ventilation.—Re- 
spiratory uptake of an inert gas is visualized 
in the simplest manner, as in Figure 1. \s- 
suming continuous ventilation with a constant 
fraction of the air flow, fy , diverted 
through an upper respiratory shunt equiva- 
lent to the anatomical dead space, the new 


Q, L/min. Q,L /min. 
Co, Conc C_e,Conc 
| Ventilation 
Vv, L/min Resp. Deodspoce Vv, L/min 


Alveolar Spoces thru 
Alveolar Wolls 


+--+- 


W, Body Tissues 
Cy, Conc in Tissues 


Fig. 1.—Diagrammatic scheme of cardiorespira- 
tory system, assuming continuous ventilation. 


air brought into the lungs at rate V gives up 
gas to the pulmonary blood, flowing at rate 
B.* With a constant intake concentration, 
C,, and neglecting the storage capacity of 
the lung air and pulmonary capillary bed, we 
may write the following expression for the 
rate of gas exchange, G: 


G=V (C.—C.)=D(Ci—Cs) = 


(Ca—Cy)=U (Co—Cv) 
* Arteriovenous shunts divert a small fraction 
of blood through nonrespiratory channels, thus re- 


ducing the quantity available for gas exchange. 
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PARTITIONAL RESPIROMETRY 


The symbols are used to denote the follow- 
ing : 
G=rate of gas exchange, cc./min. 
V=rate of lung ventilation, L./min. 
D=diffusion capacity of the lungs, cc./min. per 
ce./L. conc. diff.=L./min. 
B=rate of pulmonary blood flow, L./min. 
U=over-all gas transfer coefficient, air to blood, 
L./min. 
\=blood/air partition coefficient for the gas, 
dimensionless 
C.=gas concentration in inhaled air, cc./L. 
Ci—gas concentration in lung air, cc./L. 
Ca=gas-phase concentration equivalent to con- 
centration in arterial blood, cc./L. 
Cyu=gas-phase concentration equivalent to aver- 
age concentration in pulmonary capillaries, 
ce. /L. 
Cy=gas-phase concentration equivalent to con- 
centration in venous blood, cc./L. 
r= (Cu—Cv)/(Ca—Cy), dimensionless 
Assuming further that immediate equilib- 
rium is established between the circulating 
blood and body tissues and that the perfu- 
sion rate per gram of tissue is uniform with 


tissue 


Ai= blood 

body concentration, we may write **: 
AW dCv=U (Co—Cy ) dt 

and by integration 


=1.0 so that Cy equals the general 


The magnitude of the ratio 
depends upon the relative capacities for dif- 
fusion of gas from the lungs into the blood, 
D, and for removal of gas-laden blood out 
of the pulmonary capillary bed into the gen- 
eral circulation, AB. Ii there is no significant 
resistance to diffusion across the alveolar 
walls, equilibrium will be established immedi- 
ately between the lung gas mixture and the 
incoming blood and the gas concentration 
will be uniform throughout the length of the 
capillaries. With significant diffusion resis- 
tance, on the other hand, there will be some 
delay in establishing equilibrium between the 
lung air and the blood. Gas concentration in 
the capillaries will increase at a decreasing 
rate as the blood flows along the capillaries. 
So long as the ratio D/AB is high, however, 


** W—=body weight. 


equilibrium will be established before the 
blood leaves the lungs (i. e., Ca—C,), but 
when the diffusion resistance exceeds a cer- 
tain value, there will be insufficient air-blood 
contact time to accomplish the necessary 
transfer of gas; as a result, C, will be less 
than 

We may describe the gas transfer into the 
capillaries in the following terms, derived 
from the differential rate equation 
D/\B 


From this equation we obtain an expression 
which relates the average concentration in 
the pulmonary capillary bed, Cp, to the total 
rise in blood gas concentration from the 
entering to the leaving side 


Ca—Cv __ 1 \B 


D/AAB D 
1 


Returning now to the reciprocal relation- 
ship 
it will be noted that when the ratio D/AB is 
large, r approaches unity and D becomes a 
negligible factor in fixing the value of U. 
Specifically, when D/AB>3.0, the 
introduced — by the diffusion 
coefficient is no more than 5%; thus, for 
D/AB=3; r=0.72 and 
The value of D for the lungs may be 


error 
eliminating 


roughly estimated by entering appropriate 
values in the following equation: 


60D'S 
1000H_— 


D=rate of gas transfer, lungs to blood, per unit 
concentration difference, L./min. 
D'=specific diffusion coefficient for the gas in’ 
water, cm.*/sec. 
S=surface area of lungs, cm.? 
A=partition coefficient for the gas 
H=thickness of the alveolar membrane, cm. 
The factor 60 is included to change from 
seconds to minutes, and 1000 appears in the 
denominator to convert gas concentration to 
ce./L. For a typical gas, D’ may be taken 
as 2X10°. The respiratory surface area is 
around 50 m.* and the thickness of the alveo- 
lar wall is, say, 7u. Assume A=1.0, then 


60 2X 10 5X10**X1.0 
108 7x 10-4 
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Taking B=5 L./min., the ratio D/AB has 


the value 72. Although this calcula- 


tion uses some uncertain dimensions, the 
ratio is so large that we can be sure that 
the correct value must be very great com- 
pared with the limiting value of D/AB=3.0 
suggested above. 


Since A appears on both sides of the ratio, 
gas solubility has no influence, and for any 
completely inert gas therefore the resistance 
to diffusion across the normal alveolar wall 
can never be of consequence in determining 
the over-all rate of gas transfert D may 
therefore be eliminated from the foregoing 
reciprocal relationship, making C,a—C, and 
r=1.0. We then get 


Since now 
Ci(V +4B)=C.V +CyAB 
and 
CerO=C.(Q—V )+C.V 


we may recast the equation for uptake of 
inert gases in terms of Cy or Cy, rather than 
Cy, giving 


. 


At any time, t, the fraction of gas retained, 


Ut 
\W 


Cr 
Ry=1—;,,, and at the beginning of exposure 
U 
Q° 
Similarly for gas concentrations measured 
in the mixed air from the lungs, C,, the 


when Cy=0 the initial retention, Rog= 


° J 
initial retention is 


The foregoing treatment makes no allow- 
ance for the early period of gas accumulation 
in the lungs. Kety* has developed a more 
complete equation which does include the 

7 It is to be noted that this conclusion does not 
necessarily apply to the transfer of oxygen and 
carbon dioxide, since these gases are held in the 
blood according to their respective dissociation 
curves rather than in simple solution. Two different 
partition coefficients must be used, therefore, in 
calculating D/AB. For the determination of D, the 
physical coefficient applies, but in determining the 
blood transfer capacity, \B, a “physiological” parti- 
tion coefficient must be used ® which is of greater 
value. This important point is dealt with more 
fully in a later section of this paper. 
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lung equilibration phase as well as the more 
prolonged period of body accumulation. It 
is easily shown, however, that this is un- 
necessary mathematical refinement when 
dealing with the body-storage phase for inert 
gases having significant solubilities. For such 
gases, the lung volume is small compared 
with the body storage capacity, and changes 
in the quantity of gas held in the lungs in 
the course of body equilibration are insignifi- 
cant. Thus, the single exponential equation 
is a satisfactory one for describing respira- 
tory gas uptake, after the first few minutes 
required for lung equilibration. The extra- 
polation of the semilog plot of retention vs. 
time for the body-storage phase back to zero 


oF Roy= as illustrated 


time gives Rog= 
in Figure 2. 


Equilibration 
“ee Gen Body Storage 
Rog 


Time 


es) 


Log % Retention = Log (\- 


Fig. 2.—Respiratory uptake of inert gas. Per cent 
retention vs. time on semilog grid, showing lung- 
equilibration phase followed by body storage. Extra- 
polation of body-storage line back to zero time 
gives Ro. 


This single exponential expression for 
inert gas exchange was proposed by Hag- 
gard,> who was the first to point out the 
peculiar dependence of the rate of uptake 
upon the solubility of the gas. This is evident 


since the exponential constant, a. decreases 


in value as A becomes larger. In other words, 
the rate of approach toward equilibrium de- 
creases as solubility increases. It is also of 
interest to note the varying dependence of 
U upon V and AB. When J is high, U is 
largely independent of B, which means that 
the rate of blood flow has little influence 
upon the rate of uptake of soluble gases. 
Conversely, the absorption rate for a rela- 
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tively insoluble gas is determined principally 
by the blood flow rate and is independent of 
ventilation. 

Effect of Discontinuous Ventilation —The 
assumption of continuous ventilation in the 
foregoing relationship limits its usefulness as 
a statement of respiratory gas exchange, 
since in fact ventilation is discontinuous and 
can vary over a fairly wide range in respect 
to magnitude of tidal volume and breathing 
frequency and in the changing rate of air 
flow (inward and outward) throughout the 
respiratory cycle. Actual ventilation char- 
acteristics are too complex to permit an exact 
mathematical analysis. 


It has also been shown that the new air is 
not uniformly distributed in the course of 
inhalation in direct proportion to the volumes 
of residual air remaining in various zones of 
the lungs at the end of the previous exhala- 
tion.t Fowler * has shown that in normal 
young men at rest some 40% of the new air 
supplies only % of the lung volume, leaving 
the other 60% to ventilate % of the space. 
This nonuniform distribution further alters 
the ventilation/perfusion ratio and must 
result in varying gas concentrations through- 
out the lungs. 

To show the possible influence of these 
characteristics of the ventilatory pattern upon 


LV, cc/ breoth 


Ca = Avg Conc. 


re 8, L/min. 
Ca 


Initial Lung Vol. = F; Conc. = Cy 
Expanded Lung Vol =(LV+F); Initio! Conc =c, + FC, 
Pulmonary Blood Vol. = Vs 


Fig. 3.—Diagrammatic scheme of alveolus and blood capillary, assuming discontinuous ventilation. 


Because the lungs act as a bellows, it is 
clear that the time of stay in the lungs for 
different fractions of inhaled air must vary 
considerably throughout the respiratory 
cycle. Fowler* has developed the concept 
of “sequential ventilation” which suggests 
that different zones of the lungs are expanded 
in succession during inhalation and that air 
is expelled from these zones in reverse order. 
Thus, the first air in may remain in contact 
with the blood for most of the cycle, whereas 
the last in will enjoy only a brief period of 
contact. To whatever degree this pattern of 
ventilation is followed, it must have consider- 
able influence upon the effective ventila- 
tion/perfusion ratio. Even without sequential 
ventilation it is clear that the average time 
for gas exchange between new air and blood 
can be only a fraction of the total cycle time. 


cardiorespiratory efficiency, we may assume 
completely discontinuous ventilation, under 
which pattern the lungs are expanded instan- 
taneously, the breath is held for some definite 
portion of the respiratory cycle, and then the 
air is expelled instantaneously. This situa- 
tion is visualized in Figure 3. At the end 
of exhalation, assuming the lungs to be in 
dynamic equilibrium with outside air, the 
respiratory system contains the functional 
residual volume, /’, having a gas concentra- 
tion, C;. At the instant of inhalation, the 
lung volume is expanded to (F+LV ) where 
LV is the tidal volume minus dead space. 
Immediately the lung space has a new gas 
concentration 
LV+F 


t References 4 and 5. 
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During the holding period, the blood flows 
through the pulmonary capillary bed at rate 
B and entering concentration, Cy. It absorbs 
gas from the alveolar spaces, thus lowering 
the gas concentration in the lung air. The 
longer the breath is held, the greater is the 
volume of blood brought into contact with 
the lung gas mixture, and in consequence the 
greater is the drop in lung concentration. 
These changes may be expressed in the fol- 
lowing terms 


(LV+F) 

Vy=volume of pulmonary capillary bed. 
is the lung gas concentration at any time 
between the instant of inhalation (C,’==(C)) 
and of exhalation (C,’—C,). These simul- 
taneous differential equations may be solved 
for Cy, vs. t. An approximate relationship 
is obtained on the reasonable assumption that 
the gas storage volume in the pulmonary 
blood, A ly, is small compared with the lung 
volume 

where 


At the hypothetical beginning of exposure 
when Cy=0 (but with lungs assumed to be 
in dynamic equilibrium with inhaled air), 
we may substitute for Cy, giving 


Co LV/F+® 
where 

In this equation, ¢ is the time of contact 
between the new air and blood in the course 
of a single breath. It varies for different 
portions of the inhaled air which enter the 
lungs early or late in the cycle, and the aver- 
age contact time is probably not more than 
one-half of the total respiratory cycle time. 
It is clear from this that the discontinuity 
in ventilation must reduce the over-all useful- 
ness of the blood flowing through the lungs 
and thus make the effective rate of blood 
flow only a_ fraction 
output. 


of the true cardiac 


Unlike the earlier expression based upon 
the assumption of continuous ventilation, 
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this one recognizes the influence of lung dilu- 
tion upon gas uptake and suggests that car- 
diorespiratory efficiency must vary within 
the respiratory cycle, depending upon the 
differences in the ratios, LV/F and 
from one zone of the lungs to another. As 
with the time factor, the effect of non- 
uniform distribution of new air in relation 
to residual lung volume is to reduce the 
over-all usefulness of the ventilation, thus 
making the effective rate of air flow only a 
fraction of the actual air exchange in the 
lungs. For different parts of the lungs and 
different periods along the respiratory cycle 
there may be wide differences in Ro, result- 
ing from various combinations of F, LI’, B, 
D, and t. 

It is to be noted that when D is large com- 
pared with AB the value of the coefficient, 
Uj», is determined principally by B, and dif- 
fusion resistance has no influence upon gas 
uptake. This is in agreement with earlier 
discussion. When A is large, the function, 
(1—e"**), is close to unity for all values of f 
and of (LV’+F). In such a case variations 


in = have little influence upon Ro, which is 


close to 100%. 
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Cardiorespiratory System as a_ Series- 
Parallel Circuit—The concept of nonuni- 
form distribution of ventilation in relation to 
lung volume and blood flow is suggested by 
the diagram in Figure 4, in which the cardio- 
respiratory system is likened to a series- 
parallel electrical circuit. The conductance, 
u, along any one of the multitude of path- 
ways is obtained by adding reciprocally the 
two conductances in series (neglecting diftu- 
sion capacity )—ventilation and equivalent 
blood flow (AB). With discontinuous venti- 
lation, these must be modified by the “capaci- 
tance” represented by lung volume, and the 
blood flow has to be converted into blood 
acceptance volume by the product, Abt, 
where ¢ is the time of contact with the new 
air within a single breath. 


For the several parallel pathways, the 
over-all conductance, U, is the sum of the 


Si, 
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individual values, + ---+ uy. U can be 
calculated if G and (C,—Cy) are known, 
and therefore this over-all transfer coefficient 
has physical reality. It is to be noted, how- 
ever, that in the nonuniform system the over- 
all conductance cannot be obtained from the 
sums of the individual ventilation and blood 
flow rates along the separate pathways; 
that is, 


1 1 1 


It follows that no single mathematical ex- 
pression can be written which relates the 


OStL L+0S 
Co. Ce 


Fig. 4.—Comparison of cardiorespiratory system with series-parallel 


Hypothetical Homogeneous Cardiorespira- 
tory System.—In view of the complex series- 
parallel circuit, one can express pulmonary 
performance only in terms of hypothetical 
rates of effective ventilation, )’,, and effective 
blood flow, B,, which would be sufficient to 
account for the actual rate of gas exchange 
if the cardiorespiratory system were homo- 
geneous, 1. e., one having continuous ventila- 
tion, uniformly distributed throughout the 
lungs in proportion to lung volume and blood 
flow. In such a system, every lobule would 


electrical circuit, sug- 


gesting a nonuniform arrangement in respect to ventilation, iung volume, and pulmonary blood 


fiow. 


total rate of gas transfer to the concentration 
drop from the outside air to the lungs, since 
C;, occupies a position between C, and Cy, 
which varies in the nonhomogeneous system 
from one zone to another, and for a given 
zone the concentration in the lung depends 
upon the particular combination of ventila- 
tion, lung volume, time of air-blood contact, 
and rate of blood flow through the zone, as 
suggested by the foregoing equations for 
discontinuous ventilation. In other words, 
there are no actual values of ventilation and 
pulmonary blood flow which do, in fact, apply 
to the system as a whole. 


have the same opportunity as all others to 
take part in the gas exchange process. 

The effective rates of ventilation and pul- 
monary circulation will be lower than the 
actual rates of air and blood flow through 
the lungs in proportion to the degree of non- 
uniformity in the system. The performance 


of such a hypothetical system is adequately 


described by the single exponential equation 
developed at the outset. The over-all conduc- 
tance, U, can be calculated from Rog and Q, 
and the effective rates of ventilation, V., and 
of blood flow, B., can be related to it in the 
reciprocal manner, as indicated. 
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Partitioning of Cardiorespiratory Per- 
formance.—lf the value of U is known for 
each of two gases having different solubili- 
ties, then the effective rates of ventilation 
and pulmonary circulation (neglecting D) 
can be calculated, as follows: 


Be= Ui—Use 


This is the basis for the proposed system of 
partitional respirometry.§ 

The respiratory retention is determined 
for each gas over a period of time after the 
initial period of lung equilibrium, yielding 
straight lines on semilogarithmic paper.|| 
These are extended back to zero time, thus 
giving R. for each, as in Figure 2, from which 
the respective values of U can be calculated. 
Preferably, one gas should have a relatively 
high solubility so that its retention is pri- 
marily dependent upon ventilation, and a 
low solubility is desired for the second to 
make its uptake dependent upon blood flow. 
In the first case, however, the solubility 
should not be so high as to permit significant 
removal in the upper respiratory tract, and 
in the second case it must be high enough to 
give easily measured values of retention. 
Two gases which may be used are ether 
(A=15), which has negligible upper respira- 
tory absorption and is taken up by the blood 
primarily in proportion to ventilation, and 
acetylene (A=0.75), which depends upon 
the blood flow rate as well as ventilation for 
its uptake. 


It was shown in earlier discussion that 
inert gases diffuse across the alveolar walls 
without significant resistance, owing to the 
large diffusion capacity compared with the 
rate of blood flow. This conclusion does not 


§ It is to be noted, however, that in a nonhomo- 
geneous system the calculated values of V. and Be 
will depend upon the partition coefficients of the 
two gases. 

|| Provided that the body acts as a homogeneous 
storage reservoir. 


{ When » is low, " has a very small value; 


e. g., \ for nitrogen is about 0.01 and U=0.01B. 
Hence, R. is of the order of 1% (assuming B 
approximates Q). 
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necessarily apply in the case of oxygen which 
has a much greater “physiological” than 
physical solubility in the blood. For a com- 
plete evaluation of pulmonary functional per- 
formance, therefore, an estimate of the diffu- 
sion capacity of the lungs is required. A 
unique gas for this purpose is carbon monox- 
ide, which has a slightly lower physical solu- 
bility than oxygen and must 
encounter greater diffusional resistance. 
Because of its great affinity for hemoglobin, 
however, its rate of uptake is independent 
of blood flow.* For CO, the estimated diffu- 
sion capacity is 
Doom — 2X10-*X 5X 10°K0.0188X 60 
10°H 10® 7 10-4 
=16 cc./min. per cc./L. 
cone. diff. 

where D’ is the specific diffusion coefficient 
for CO in water, cm.*/sec.; § is the lung 
area, cm.*; H is the membrane thickness, 


therefore 


cm., and AX’ is the 


water 
a 


partition coefficient 
for CO. The ratio of equilibrium volumes 
of CO in whole blood and in air is 124 for 
0.1% CO in air. Assuming a blood flow rate 
of 5/L./min., then, AB=124*5—620 com- 
pared with D=16 and D/AB=0.026. This 
means that r approaches its lower limit of 
1/2 and that the rate of blood flow has no 
significant influence upon CO uptake. Hence, 
the over-all coefficient of transfer, Ugo, is 


given by = + Dew 

Using the value of V. calculated from 
Uvetner, ANd Uvacetyieney in this equation, 
together with the measured value of U 0, 
the diffusion capacity, Deo, can be obtained. 
It is readily converted to Do. in accordance 
with the following 


in which A is the physical partition coefficient 
for each gas. 

Thus, by measuring the respective rates 
of uptake of ether, acetylene, and carbon 
monoxide over suitable periods of time and 
extrapolating the retention curves back to 
zero time to give FR, for each gas, the func- 
tional capacity of the cardiorespiratory sys- 
tem can be determined (at rest or under 
exercise) and expressed in terms of the three 
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fundamental elements which contribute to 
the over-all capacity—ventilation, diffusion, 
and blood flow. These are given as effective 
values which, in comparison with actual 
minute volume of ventilation and cardiac 
output, reflect the inefficiency of the system. 
The procedure is called partitional respi- 
rometry because the total capacity to ex- 
change gases is broken down into its basic 
parts. 
EXPERIMENTAL PROCEDURE 

Test Apparatus—The equipment for measuring 
gas uptake is shown in Figure 5. A gas mixture 
of known concentration in a plastic bag is connected 
through a low-pressure pump to the free bellows. 
Solenoid valves on each side of the bellows are 
actuated by a pressure switch and relay system 


SOLENOID VALVE OPERATION 
Valve No ' 2 3 
inhalation: | Closed | Open | Open 
Exholotion: | Open | Closed | Closed 


valves. One of these discharges to the atmosphere, 
and plastic bags are connected to the others to 
collect expired air. The valves may be switched 
at will to discharge the air through the desired 
outlet. At the completion of a test, the volumes of 
collected air in the bags are determined by emptying 
through a wet-gas meter. 

In the expiratory line, just beyond the respira- 
tory valve, a side connection for gas sampling joins 
with a sampling line from the mixing chamber, and 
the common line goes to an automatic gas analyzer, 
flow meter, and pump. At the juncture of the two 
lines, a manual valve directs the air flow from one 
or the other sampling point. When this valve is set 
to draw air from the expiratory line before mixing, 
the following sequence of events takes place. A 
solenoid valve, actuated by the pressure switch, 
opens during the inhalation phase and closes during 
exhalation. While open, air is drawn to the ana- 


Gos 
Anolysis 


Pump 
Meter 


1L/min 


constont To woste 


Terminol 
fem. alr 


Fig. 5.—Layout of apparatus for partitional respirometry (deScription in text). 


connected to the respiratory valve. During inspira- 
tion, negative pressure closes the upstream and 
opens the downstream solenoid valves. The sub- 
ject draws air from the bellows, and its fall is 
recorded on the chart. During this period the pump 
simply works against a closed outlet. At the be- 
ginning of expiration, valve positions are reversed; 
the subject exhales to the right-hand line, and the 
bellows is again filled with the test gas mixture. 
Its upward movement is recorded on the chart. 
Thus, the breathing frequency and magnitude of 
tidal recorded throughout the test 
period. A manual valve in the line between the 


volume are 


bellows and respiratory valve may be opened to 
the atmosphere and is used in this position to allow 
the subject to settle down before beginning a test. 

The respiratory valve has minimum dead space 
The 
expiratory line, 2 cm. in diameter and approxi- 
mately 60 cm. long, leads through a mixing chamber 
to a four-outlet fixture with manually operated 


(67 cc.) and imposes negligible resistance. 


lyzer at a measured rate of approximately 1 L./min. 
from the expiratory line. At the same time, an 
additional quantity of air is drawn into a side bal- 
loon because of a slight negative pressure in its 
container. When the subject starts to exhale, the 
solenoid valve closes, and during the entire exhala- 
tion period the analyzer is supplied with air from 
the balloon. In this way only the terminal portion 
of exhaled air is sampled, in the manner recom- 
mended by Rahn? to give the average gas con- 
centration in lung air 
washout.f 


after upper respiratory 


# This assumes that the line leading to the mix- 
ing chamber (volume=190 cc.) is filled with 
terminal expired air at the end of exhalation and 
that, as a small fraction of this air is withdrawn, 
earlier exhaled air flows back from the mixing 
chamber to replace but not mix with it. At 10 rpm, 
100 cc. of terminal air is withdrawn for each breath; 
at 20 rpm, the sample volume is 50 cc. 
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The mixing chamber has a volume of 1 liter. Air 
enters at the far end and, in reversing its direction, 
mixing takes places so that the concentration at 
the discharge end approximates the average con- 
centration in total expired air, that is, including air 
from the upper respiratory tract and external dead 
space as well as from the lungs. 


Gas Analysis—A_ direct-reading com- 
bustible gas meter * indicates the gas con- 
centration in the expired air during the tests 
with ether and acetylene. A sampling line 
direct to the test gas bag permits determina- 
tion of C, at the beginning and end of the 
test. Concentrations in expired air are re- 
corded at specific time intervals and, with 
ether, alternate samples of two minutes’ 
duration are drawn from the mixed expired 
air and from the terminal lung air. The lim- 
ited response time of the analyzer and the 
volumetric lag in the mixing chamber intro- 
duce an error of no consequence in the con- 
centration vs. time relationship for ether and 
acetylene. 


The MSA hopcalite CO indicator, which 
is used to measure carbon monoxide con- 
centrations, has a considerable time lag in 
response to a change in concentration, and 
in consequence it is not possible to observe 
the slight drop which occurs in retention 
with continued intake over the test period. 
Our practice, therefore, is to measure the 
average concentration in the expired air col- 
lected over nine minutes after an initial lung 
equilibration period of five minutes. Since the 
rate of CO accumulation in the blood is slow, 
the change in venous back pressure during 
a 14-minute period of exposure does not 
introduce disturbing error, and R5_14 min. is 
assumed to equal R,. 


Carbon dioxide as well as water vapor 
must be removed before passing air through 
the hopcalite cell. A volumetric correction 
of the CO concentration is, therefore, made 
for CO. removal on the assumption that 
expired air contains 4% COs. Since all gas 
analyses are made with dried air, no correc- 
tion for water vapor is necessary. No cor- 
rections have been made for temperature or 


*MSA benzene meter is used for measuring 
ether and acetylene concentrations. 
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barometric pressure, since these are second- 
order variables. 


MSA analyzers were chosen for use in 
partitional respirometry for practical reasons. 
The instruments are simple to operate and 
are designed for rugged field use. Portability 
is necessary if the procedure is to be used at 
mines and factories. Test gas mixtures are 
formulated to make C, close to the full scale 
reading of the analyzer, and expired air con- 
centrations may, therefore, be estimated to 
within 1 to 2% of the inspired level. For- 
tunately, the permitted levels of the three 
test gases are physiologically acceptable. 


Test Procedure—The subject sits quietly in a 
chair or may ride a bicycle ergometer during the 
test. The order of testing is as follows: 

1. The carbon monoxide test involves a_five- 
minute lung equilibration period (expired air is 
wasted) followed by nine minutes during which 
time expired air is collected. The CO concentra- 
tion and volume of air collected are determined 
later. 

2. One hour after the CO test, the acetylene up- 
take is measured with the mixed expired air con- 
centration recorded at five-second intervals over a 
period of 15 to 20 minutes. In this test, the reten- 
tion values are recorded during lung equilibration 
as well as during the period of body storage. Ex- 
perience has shown that acetylene uptake does not 
exhibit the same steady pattern as does ether,t and 
it is helpful to have a plot of the total experience 
in drawing the line of best fit through the plotted 
points for the body storage phase. 


+ It was planned originally to make up a single 
test mixture containing all the test gases and to de- 
termine their respective concentrations simultane- 
ously in the expired air. In this way, the separate 
transfer coefficients would be obtained under exactly 
the same conditions of cardiorespiratory perform- 
ance. Since the combustible gas meter is nonspecific 
and there is mutual interference between the com- 
bustible gases and carbon monoxide, such combined 
tests have not been possible. This greatly increases 
the time required to complete observations on a 
subject, and for the future it is hoped that suitable 
analytical methods will permit simultaneous analy- 
ses. 

t~ Caused possibly by the nonhomogeneous char- 
acteristic of peripheral circulation and body storage 
and also because the uptake of this gas is sensitive 
to variations in both ventilation and pulmonary 
circulation. 
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3. At least one hour after the acetylene test, ether 
retention is measured over a 15- to 20-minute period 
after 5 minutes for lung equilibration. Alternate 
samples of two-minute duration are taken for analy- 
sis from the lung and mixed expired air lines. The 
two sets of readings give Roe and Rox from which 
A is determined, thus indicating the magnitude of 


the respiratory dead space.§ 


EXPERIMENTAL SUBJECTS 
To test out the possible usefulness of the 
procedure, retention studies have been con- 
ducted on the following four classes of sub- 


disabilities. None were hospitalized, but they 
had been judged unable to engage in active 
work. Two ambulatory patients from a tuber- 
culosis hospital, with evidence of respiratory 
impairment but no active infection, were also 
included. 

Retention values were determined for the 
three test gases on these subjects at rest and 
with various levels of exercise, giving breath- 
ing volumes from 6 to 8 L./min. (at rest) up 
to a maximum of 34 L./min. for one young 
subject. The coal miners were tested at rest 
and at two levels of moderate exercise. 


1 


1 1 


8 10 12 18 
Lung Ventilotion Rote, V=Q -(DSX rom). L/min 


14 


Fig. 6.—Over-all cardiorespiratory transfer coefficient for ether in relation to rate of lung 


ventilation. Healthy young adults. 


jects at rest and with graded rates of exercise 
on a bicycle ergometer: (1) six young men, 
apparently in good health and without his- 
tories of respiratory impairment (aged 26 
to 33 years); (2) two football players, in 
active training (19 and 21 years); (3) mis- 
cellaneous older men (eight, ranging from 45 
to 76 years of age) from among school staff 
and hospital personnel, all active but in vary- 
ing degrees of physical condition, and (4) 
subjects with respiratory impairment (nine 
coal miners, varying in age from 56 to 72 
years and with coal mining experience of 
more than 25 years). The latter men were 
under medical care because of respiratory 


REsuLts OF EXPERIMENTS 

The results are shown in Figures 6 to 16, 
where the over-all transfer coefficient, U, for 
the particular gas is plotted against the rate 
of actual lung ventilation, 
The anatomical dead space was calculated 
from the values of Ro; and Ro, for ether, 
as indicated above. For all subjects, the aver- 
age values of DS (including external dead 


space of 67 cc.) was 170 cc.§ There was no 


§ The net dead-space volume of 103 ce. 
mouth breathing compares favorably with an esti- 


mated value for nasal breathing of 130 cc. 


for 
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significant variation in DS between subjects 
or with differences in TV on a given subject. 

On the graphs showing results for the 
three groups other than healthy young adults, 
the average performance lines for the latter 
are shown for comparison. 

Healthy Young Subjects——Linear rela- 
tionships are observed (Figs. 6 and 9) for 
U comer) 1S. V and for U cacetyiene) US. V 
over the respective ranges of |’. This means 
that the over-all transfer coefficient is directly 


is 
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V.. is close to V means that in these healthy 
young adults ventilatory efficiency is high. 

Both lines extend to zero origin, which 
suggests that the basis for determining DS 
is sound, 

The relationship between Ucgo and V is 
nonlinear (Fig. 13), which means that the 
uptake of this gas is not directly proportional 
to the rate at which it is delivered into the 
lungs. Since ’, was found to be directly pro- 
portional to lV’, it follows that the failure of 


T T T 

4 
12 
$ (ot rest, subject 
10F reacted to test 
by over - breathing) 
Be 


Uc, Overall Transfer Coefficient for Ether, L/min 


Ss Ploge 76, short breath) 


2 (physically weok) 


x (coal miner 26yrs) a 


2r 4 

7 
l l l l L 
ie] 2 4 6 8 10 12 14 16. 18 


Lung Ventilotion Rate, V*Q-(OSX rpm), L/min 


Fig. 7.—Over-all cardiorespiratory transfer 
ventilation. Older men compared with average 


proportional to V’ in each case. The equa- 
tions are 
Uetner=0.84V 
Uacetytene=0.26V 
From these we get the following values of 
B, and lV, for healthy young adults 


Be 15—0.75 0.26V X0.84V 48V 
150.75 (0.84—0.26) V 


15X 0.481 0.841 : —0.95] , 
(15 x 0.48—0.84) I 


The low value of B, relative to V. is in 
agreement with the earlier prediction of the 
effect of time of air-blood contact within a 
single breath upon the efficiency of utilization 
of the pulmonary blood flow. The fact that 
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coefficient for ether in relation to rate of lung 
relationship for healthy young adults. 


Uco to keep up with / must be accounted 
for entirely by the inability of Deo to increase 
in direct proportion to ventilation. This is 
in agreement with previous analysis of CO 
uptake in relation to pulmonary perform- 
ance ® and is explained on the grounds that 
the diffusion area in the lungs does not in- 
crease in proportion to lung volume as the 
volume rate of breathing goes up with exer- 
cise. 

The calculated diffusion coefficients, Deo 
and Do., are shown in relation to lV’ in the 
Table. At rest, with 6.0 L./min., Do. 
has a value of 23 L./min. Under moderate 
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Calculated Diffusion Coefficients for CO and Oz 
for Various Lung Ventilation Rates (V .=0.95V ) 
Healthy Young Subjects 


Ventilation, 
V, L./Min. Deo, L./ Min. 
19 


21 


Do,, L./ Min. 


exercise, with /=30 L./min., it increases to 
only 36 L./min. This means that the resist- 


cardiac output than the nonathlete. A possi- 
ble explanation is seen in the values of Ugo 
shown in Figure 14, which are persistently 
higher for the two athletes at any given venti- 
lation rate than for the other young adults 
and reflect no doubt a greater lung volume 
and diffusion area. For example, at V=26 
L./min., Do, is 44 L./min. compared with 
34 L./min. for healthy young adults. 


Older Group.—This miscellaneous group 
(ligs. 7, 11, and 15) showed some differ- 
ences from the young subjects, but the num- 
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Fig. 8 —Over-all cardiorespiratory transfer coefficient for ether in relation to rate of lung 


ventilation. 
average relationship for healthy young adults. 


ance to Og transfer imposed by the diffusion 
resistance of the alveolar membrane becomes 
increasingly important as the oxygen demand 
increases with exercise. 

Football Players —Uptake of ether in re- 
lation to V is the same as for the other young 
subjects, since U (etner) vs. V 
same line in Figure 6. 


falls on the 
Acetylene uptake, 
however, is apparently at a lower rate ( Fig. 
10). Using the results on one subject only, 
the effective rates of ventilation and of blood 
flow are found to be 


V.=0.95V and B.=0.30V. 


This suggests that for a given rate of oxygen 
demand the trained athlete requires less 


Subjects with respiratory impairment (coal miners, two others) compared with 


ber of subjects and tests is too small to per- 
mit any real conclusion. One subject, X, a 
hospital kitchen worker, 63 years old, fell 
off the ether and CO uptake lines. Further 
inquiry into his occupational history, how- 
ever, revealed that he had worked for 26 
years as a coal miner. Subject P is 76 years 
old and has definite shortness of breath. 
Subject W has no known disability but is a 
slow worker. 

Coal. Miners.—These men showed definite 
deviation for ether uptake compared with 
healthy young adults, as their ventilation 
rates were increased with exercise (Fig. 8). 
Furthermore, it is interesting to note that 
their breathing rates per square meter, at 
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rest, were higher than for the young men 
(average 20% higher). The acetylene reten- 
tion values showed a tendency toward a 
higher slope ( Fig. 12). With the assumption 
of U (acetyieney=0.28V and a slope of 0.7 for 
U (ether), aS Suggested in Figure 8, the calcu- 
lated values of V. and B, for the coal miners 
are, respectively, 0.76V and 0.59V. Thus, 
these men have apparently lost some ventila- 
tory efficiency and in consequence require a 
somewhat greater relative cardiac output 
than the young subjects. Since they also re- 
quire a greater resting ventilation rate, their 
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which resulted in reduced ventilatory effi- 
ciency and loss in diffusion capacity, possibly 
because of emphysema and an increase in 
thickness of alveolar walls. These changes 
are apparently not accompanied by any sig- 
nificant loss in pulmonary blood flow. — If 
there has been an increase in the resistance 
to flow through the pulmonary capillaries, 
it is evidently being compensated by an in- 
crease in the work rate of the heart. The 
increase in B, relative to V, together with 
higher volume rate of breathing at rest in 
these subjects, are thought to represent com- 


Un, Overoll Tronsfer Coefficient for 
Acetylene, L/min. 
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Fig. 9.—Over-all cardiorespiratory transfer coefficient for acetylene in relation to rate of 


lung ventilation. Healthy young adults. 
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Ua, Overall Transfer 
Coefficient for Acetylene 
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Fig. 10.—Over-all cardiorespiratory transfer coefficient for acetylene in relation to rate of 
lung ventilation. Football player in comparison with average relationship for healthy young 


adults. 


actual rates of blood flow at rest have been 
substantially increased. 

Uptake of carbon monoxide (Fig. 16) was 
consistently lower for the coal miners than 
for the healthy young subjects and showed 
even less capacity to keep up with ventila- 
tion. Thus, for an average ventilation rate of 
10 L./min., Deo for the coal miners was 
about 14L./min., whereas for healthy young 
adults the value for the same ventilation rate 
was 21 L./min. With exercise, Deo showed 
no dependable increase in the coal miners 
(Subject Mc). 

These findings suggest that pulmonary 
changes have occurred in the coal miners 
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pensation for the lessened ventilatory effi- 
ciency and reduced diffusion capacity. 
The two patients, Subjects 1 and 2, from 
the tuberculosis hospital were, respectively, 
56 and 73 years old and had the following 
brief diagnosis: Subject 1—costophrenic ad- 
hesions, retired 12 years for respiratory dis- 
ability ; Subject 2—emphysema and moder- 
ately advanced tuberculosis, has received no 
treatment for tuberculosis, physically weak. 
Pulmonary performance is shown for these 
two subjects, at rest, in Figures 8, 12, and 16. 
Both men have lost ventilatory efficiency as 
evidenced by their low ether retention values. 
Subject 1 shows satisfactory acetylene up- 
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Fig. 11—Over-all cardiorespiratory transfer co- 
efficient for acetylene in relation to rate of lung 
ventilation. Older men compared with average 
relationship for healthy young adults. 


take, indicating that pulmonary blood flow 
is being maintained at a proper level to com- 
pensate for lowered ventilatory efficiency. 
Subject 2 has a definitely lowered pulmonary 
blood flow. Subject 1 (costophrenic adhe- 
sions) shows no loss in diffusion capacity, 
whereas Subject 2 has suffered a loss in this 
respect comparable with that of the coal 
miners. 


APPLICATION TO O02 AND CO2g TRANSFER 

The usefulness of any quantitative pul- 
monary function test is determined by how 
well it predicts the capacity of the cardio- 
respiratory system to exchange oxygen and 
carbon dioxide with the outside atmosphere. 
The application of the method of partitional 
respirometry to the estimation of transfer 
rates for these physiologically important 
gases may be considered in the following 
manner. 

Sitting at rest and breathing at a rate of 
QO=/.5 L./min. and V=6 L./min., the oxy- 
gen uptake and COs output for a healthy 
young man amount to, say, 330 and 270 
ce./min., respectively. Normal partial pres- 
sures of these gases in blood entering the 
lungs, expressed as equivalent gas-phase con- 
centrations, are 53 and 59 ce./L. Oxygen 
concentration in outside air (after correcting 
for water vapor) is 195 ce./L., and COs con- 
centration is zero. The over-all transfer 
coefficients are therefore 


3 
U 30 


195—53 
Ucor= “sy =4.55 L./min. 

With pCO.—42 mm. in venous blood 

or 59 cc./L. equivalent gas-phase concentra- 

tion, the blood contains 52 vol. % COs and 


2.31 L./min. 


the “physiological” partition coefficient is 
52 
J =8.8, In the lungs, the oxygen content is 


about 15%, and blood in equilibrium with it 
contains approximately 19.5 vol. %, making 


At V=6 L./min., our results give V.=5.7 
L./min., Do.—=23 L./min., and Deo.=580 
L./min. The ratio, D/AB, for COs is 22, 
and for oxygen it is 6. Since these are both 
greater than 3.0, it follows that diffusion 
resistance can be neglected in calculating the 
transfer rates. Thus, we have 


1 1 
Ucoz 8.8 xX 2.9 
Uco:=4.5 L./min. 
1 
Uoe2 5.7 1.3 2.9 


Uo:=2.26 L./min. 
These values are in agreement with the 
coefficients calculated from G and AC. 


2.26 


Over a range of activity, with V varying 
from 6 to 30 L./min., our test results show 
that V’, and B, are linearly related to lV. 
Hence, for healthy young adults at 30 
L./min., V’.=28.5 L./min. and B,—14.4 
L./min. Dpo,, however, is only 36 L./min. 
and )/AB=1.9. Since this is less than 3.0, 
the diffusion resistance must be included in 
the calculation of the transfer rate for Oz at 
this level of activity. Assuming the same 
exponential variation in gas concentration 
along the pulmonary capillary as with inert 
gases,|| r=0.66. Thus, we get 

Ves 703 + 36 + = 
Uo.=10.2 L./min. for V=30 L./min. com- 


1 0.66 1 
). 


|| This ignores the complex shape of the oxygen 
dissociation curve. 
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Fig. 12.—Over-all cardiorespiratory transfer co- 
efficient for acetylene in relation to rate of lung 
ventilation. Subjects with respiratory impairment 
(coal miners, two others) in comparison with aver- 
age relationship for healthy young adults. 
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pared with 2.26 at V6 L./min. A fivefold 
increase in the rate of lung ventilation is thus 
accompanied by only a four-and-one-half-fold 
increase in Oy, transfer capacity, assuming 
that with exercise there has been no drop in 
the oxygen concentration in venous blood. 
This suggests that Oz transfer capacity does 
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Silverman and associates ° found a directly 
proportional relationship between the rate of 
lung ventilation and the uptake of both Oz 
and CO, up to V=30 L./min. as shown in 
Figure 17. This can be explained for oxygen 
on the grounds that the venous blood level 
falls off enough to compensate for the less 
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Fig. 13.—Over-all cardiorespiratory transfer coefficient for carbon monoxide in 


rate of lung ventilation. Healthy young adults. 
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Fig. 14—Over-all cardiorespiratory transfer coefficient for carbon monoxide in relation to 


rate of lung ventilation. 
healthy young adults. 


not quite keep up with ventilation. Since for 
COz the ratio D/AB continues to be very 
large for all rates of exercise, diffusion re- 
sistance is never of consequence in the trans- 
fer of this gas through the alveolar walls, and 
so long as V, and B, are directly propor- 
tional to V, Uco, will necessarily maintain 
the same linear relationship. 
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Two football players in comparison with average relationship for 


than proportional increase in Up o,. Above 
V =30 L./min., the rates of transfer for both 
gases fail to keep up with ventilation, this 
failure being the greater for oxygen. As a 
result the CO, output exceeds oxygen uptake 
under extreme exercise. In the absence of 
data on blood concentrations, actual transfer 
coefficients cannot be calculated from Silver- 
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Fig. 15.—Over-all cardiorespiratory transfer co- 
efficient for carbon monoxide in relation to rate of 
lung ventilation. Older men in comparison with 
average relationship for healthy young adults. 


man’s data. Undoubtedly, venous concen- 
trations were lowered under heavy exercise, 
and arterial blood was probably not saturated 
with oxygen ; such changes would account for 
part of the fall-off in gas exchange. Signifi- 
cant resistance may also have developed to 
exchange between the blood and tissue with 
the great Oy, demand under conditions of 
heavy exercise. At the higher ventilation 
rates, resistance to gas diffusion through the 
alveolar wall was undoubtedly a limiting 
factor in Qs transfer but not so in the 
case of CO,. It was apparently easier for 
this reason to dispose of the COs, from the 
blood than to absorb Oz, and in consequence 
there was a net wash-out of carbon dioxide 
in excess of its rate of production in the body, 
giving an apparent RO>1.0. 

In this analysis of Oz and CO, exchange, 
we have taken considerable liberties with 
complex physiological processes, such as the 
varying combining power of hemoglobin with 
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Fig. 16.—Over-all cardiorespiratory transfer co- 
efficient for carbon monoxide in relation to rate of 
lung ventilation. Subjects with respiratory im- 
pairment (coal miners, two others) in comparison 
with average relationship for healthy young adults. 


oxygen and COs, and have oversimplified the 
physical relationships. The actual situation 
is much too complicated to deal with ade- 
quately in simple mathematical terms. None- 
theless, results of the analysis appear to be 
useful, since they illustrate how the different 
values of the separate transfer coefficients 
(ventilation, blood flow, and diffusion) may 
combine to give significant differences in the 
pulmonary functional capacity to deal with 
oxygen and carbon dioxide and further sug- 
gest interesting possibilities for estimating 
the physiological consequences of different 
kinds of pulmonary impairment, the magni- 
tude of which are revealed by partitional 
respirometry. 
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Fig. 17—Oxygen uptake and carbon dioxide out- 
put in relation to rate of lung ventilation. Healthy 
subjects under various levels of exercise. After 
Silverman and others.’ 


SUMMARY AND CONCLUSIONS 


A method of partitional respirometry is 
proposed for measuring the gas exchange 
capacity of the cardiorespiratory system, by 
means of which the over-all pulmonary func- 
tion is broken down into its elements—venti- 
lation, diffusion, and blood flow, and the 
relative contribution of each to the gas ex- 
change capacity is determined. 

Treating the cardiorespiratory system in 
the physical and mathematical terms of a 
gas-liquid equilibrating apparatus, it is 
shown that the rate of uptake of an inert gas 
can be expressed in proportion to an over-all 
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transfer coefficient, U, the value of which is 
determined by an appropriate summing of 
the ventilation rate, diffusion capacity, and 
b:ood flow. Depending upon its solubility 
in body fluids, a gas is absorbed through the 
respiratory system at a rate which is pri- 
marily dependent upon one or another of the 
three elements and is independent of at least 
one of the others. From the determinations 
of U for three selected gases it becomes pos- 
sible to calculate the values of l’,, D, and B,., 
the effective rates of ventilation, diffusion, 
and blood flow. 

Partitional respirometry makes use of 
three test gases: (a) ether, which is retained 
mainly in proportion to ventilation, is only 
slightly dependent on blood flow, and is in- 
dependent of diffusion; (b) acetylene, which 
is retained in proportion to ventilation and 
blood flow but is independent of diffusion, 
and (c) carbon monoxide, which is retained 
in proportion to ventilation and diffusion and 
is independent of blood flow. These are in- 
haled by the subject in physiologically ac- 
ceptable concentrations. 

Apparatus and test procedure for measur- 
ing rates of respiratory uptake and calcu- 
lating U for these gases are described, and 
results from tests on a series of subjects 
(healthy and with respiratory impairment) 
are presented. 

The results suggest that, by the method of 
partitional respirometry, pulmonary func- 
tional capacity can be usefully described and 
significant measurements obtained of the 
effective rates of lung ventilation, gas trans- 
fer by diffusion across the alveolar wall, and 
pulmonary blood flow. Possibilities for deter- 
mining the nature and magnitude of respira- 
tory impairment and for distinguishing be- 
tween losses in ventilatory, circulatory, or 
diffusional capacity are also suggested. 

A procedure is developed for calculating 
the capacity of the cardiorespiratory system 
for exchanging oxygen and carbon dioxide 
from the results obtained by partitional 
respirometry. 

More extensive studies on a greater va- 
riety of subjects are required to validate the 
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procedure. For these, a compact, portable 
apparatus is needed, and methods of gas 
analysis are required which will permit the 
measurements of the three test gas concen- 
trations in one test gas mixture. In this way, 
simultaneous values of ’., D, and B, can be 
obtained in a single test, at rest or under 
exercise. 


Mr. James Brown constructed and assembled the 
apparatus used in this study. Messrs. Edward 
McCloskey and Donald Ross assisted in the develop- 
ment of test procedures and in the conduct of many 
of the tests. Arrangements for the coal miners 
who came as test subjects were made through the 
cooperation of Drs. Leslie Falk and Edward 
Lebovitz, of the Health and Welfare Fund of the 
United Mine Workers of America. Several of our 
associates also served as test subjects. 
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This exhibit received honorable mention. 


Scientific Exhibits 


PNEUMONOCONIOSIS 


ROBERT F. BELL, M.D. 
AND 

JAMES J. WARING, M.D. 
DENVER 


ees EXHIBIT represents a collection of some of the representative teach- 

ing material on pneumonoconiosis utilized at the University of Colorado 
Medical Center. It is presented to the practicing physician for his examination 
because at any one location he may have had only a rare opportunity to see and 
compare various types of pneumonoconiosis. Many large films of the pneumono- 
coniosis and other roentgenograms of diseases resembling pneumonoconiosis were 


available for examination on the view box. 


Shown as a scientific exhibit of the Section on Preventive and Industrial Medicine and 
Public Health at the 103rd Annual Meeting of the American Medical Association, San Fran- 
cisco, June 21-25, 1954. 
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Abstracts from Current Literature 


Epitep By Dr. CHrIstopHER H. Woop 


General 


PRINCIPLES OF NEW PLant DEsIGN FoR HEALTH PRoTEcTION. THEODORE Hatcu, Transac- 
tions Bulletin 27, Industrial Hygiene Foundation of America, Nov. 18, 1953, pp. 128-144. 


This article explains how one new plant for the processing of chrome ore was designed 
initially so as to eliminate any possibility of the development of a hazardous condition. 


Use was made of enclosures, equalization of pressures, reducing the rate of material handling 
(substituting continuous for batch methods), proper ventilation, close fitting hoods, submerged 
outlets for liquids. 

As a consequence of the initial experience in analysis of the health protection requirements and 
the deliberate incorporation of hygiene controls into the design of the process equipment and of 


the buildings, the hazard potential is highly reduced. W. R. Sampes, Boston. 


PLACE OF INDUSTRIAL HEALTH IN THE CURRICULUM OF THE UNIVERSITY OF DurHAM. R. C. 
Browne, Lancet 2:400-404 (Aug. 28) 1954. 


The Medical School of the University of Durham has broken new ground by including in its 
curriculum instruction in industrial health and by making it an examination subject for medical 
students. Not only is this done, but instruction on the subject is given to engineering students 
who in the future will have to prepare the environment of daily work and design the machines 
with which human beings will have to work. The student is taught to take three types of 
history of every patient: the clinical, the occupational, and the social or home history. These 
three influences determine the health and the management or treatment of the patient. The 
social history may be taken by a skilled social worker who is present when the case is being 
considered. 

Every student when doing a senior medical clerkship is given an industrial tutorial twice a 
week. About every three months a field visit to a local factory or colliery is organized. Six 
formal lectures are given to the final-year students on the relations of environment to health 
and the occupational diseases : too much light may cause snow blindness or arc welders’ flash; too 
little results in miners’ nystagmus; poor lighting may lead to accidents, and so forth. Engineers 
are taught the relation of the human frame to machine tending, the effect of tool vibrations, the 
causation of caisson disease, the importance of controlling dust, and the influence of heat and 
cold, all of which are under an engineer’s control. 

The students are taught that their patients have jobs and homes as well as illnesses and that 
all are correlated. This plan is indeed excellent. 2 2. Coun. 


ANNUAL REporT, TATA DEPARTMENT OF INDUSTRIAL HEALTH, 1953. H. P. Dastur, Tata 
Industries, Ltd., pp. 1-17, June 19, 1954. 


In India, the Tata Department of Industrial Health acts for plants included in Tata Industries, 
Ltd., and in particular for three textile mills and for Tata oil mills. It is also consulted by 
outside bodies. The medical staff found Guinea worm among workers who had been on holiday 
to their villages where the infection was found in wells which have now been disinfected by the 
local health authority. 

Stress is laid on placement medical examination; it differs from an engagement examination 
at which disabilities are considered; a placement examination considers ability and capacity for 
this or that special occupation. So far 2,968 of these examinations have been made. The greatest 
defect was underweight, affecting 81%, which demanded urgent attention to diet. Visual defects 
were found in 52%, dental trouble in 34%, nose and sinus trouble in 12%. There was also a 
long list of other remediable defects, all of which would be detrimental to good work. Of the 
2,968 workers examined, 896 were misplaced with 675 remediable defects, and 221 required change 
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of occupation. In many cases revision and rearrangement of the processes were found to be 
advantageous for correcting maladjustment. 

A few occupational diseases came under notice; dermatitis, allergic rhinitis, welder’s flash, 
and byssinosis may be mentioned. Research was in process regarding a plague of mosquito-like 
insects, cotton-dust control, and accident occurrence; most accidents happened during the 
monsoon and between 8 and 10 a. m. Throughout, a team spirit is encouraged to help in solving 
problems as they arise. & i: Coal 


New MEtuHop oF AcciimatizaTion. C. H. WynpuHaAM, N. B. Strypom, J. F. Morrison, 
F. D. pu Tort, and J. G. Kraan, Proc. Transvaal Mine M. Off. A. 38:1-10 (May) 1953. 


The present method of acclimatizing new mine laborers in the Rand to heat is to reduce the 
working hours. Another method under trial is to allow the men to work full time in a mildly 
hot stope (86 F., wet-bulb) for six shifts and then to move them to the hottest working area for 
a second six shifts, while keeping them under special supervision. Trials on 205 recruits show 
that three points must be watched. 1. All the laborers who do not sweat well on the first two 
days must be reported, and rectal temperatures must be measured in the middle of the shift on 
those days. 2. All recruits who are “off color” must be reported, and the decision whether 
they continue work will depend on body temperatures. 3. No boys must be made to work 
excessively hard. If these precautions are followed, there should be no greater danger from 


heat stroke than with the present method. Innwer. Hive. Deaner 


INDUSTRIAL MEDICINE AT CASABLANCA. CHAUDERON, DuBEuIL, DELARY, and RuTKOWSKI, 
Maroc méd. 33:58-65 (Jan.) 1954. 


Industry is expanding rapidly in Morocco, particularly at Casablanca. For this reason a 
center was opened in Casablanca in 1951 for establishing an industrial health service. It is 
organized in two sections, one for municipal workers and one for other workers. The workers 
are examined medically at the work places upon engagement and periodically thereafter. The 
examinations include a clinical overhaul, with examination of serum and urine and with chest 
x-ray; weight and height are also recorded. Those needing treatment are directed to the right 
treatment center. The inspecting physician comes to know the conditions of work, with any 
possible risks to health or of accident occurrence. The condition of the special senses is noted and 
correlated with illumination, noise, or vibrations. 

The activities of the industrial physician are essentially those of prevention. His visits 
of inspection have been found acceptable by both employers and those employed. Most of the 
workers are Moroccans, with a sprinkling of Europeans. The industrial physicians are part of 
the public health service; their number is not mentioned. Their work is proving a great 
success, and, in the light of experience gained, the scheme will be enlarged. The cost of the 
service is yet to be worked out. 

Active tuberculosis was found in 1.5% of the Moroccans and in 0.6% of the Europeans in 
municipal employment. Positive reactions for syphilis were high among Moroccans, many of 
whom are old soldiers. Youths are to be examined at least twice a year. E. L. Cortis. 


Physiology and Nutrition 


RESPONSES OF UNACCLIMATED MEN UNDER STRESS OF HEAT AND Work. C. H. WyNDHAM, 
N. B. Strypom, J. F. Morrison, F. D. pu Torr, and J. G. Kraan, J. Appl. Physiol. 6:681- 
686 (May) 1954. 


In earlier studies the effects of heat and work on trained and acclimatized African laborers 
were studied. The present investigation was concerned with raw recruits. During work, their 
rectal temperatures rose to new equilibrium levels. These levels were closely related to the 
rates of work but were uninfluenced by wind velocity in the air temperature ranges of the 
experiments (90 F. during light work to 84 F. during hard work). Rectal temperature during 
rest and work was uniformly 1.3 degrees (F.) higher than that of acclimatized men. This 
difference gives acclimatized men an advantage of 3.6 degrees (F.) saturated air temperatures. 


The cause of the difference is discussed. Inpust. Hyc. Diczst. 
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THERMAL RESPONSES OF MEN WITH HIGH INITIAL TEMPERATURES TO THE STRESS OF HEAT 
AND Work. C. H. Wynpuam, H. B. Strypom, J. F. Morrison, F. D. pu Tort, and 
J. G. Kraan, J. Appl. Physiol. 6:687-690 (May) 1954. 


New recruits with symptoms of mild illness and rectal temperatures above 100 F. readily 
attain rectal temperatures of 104 F. in conditions of moderate and severe heat stress. At such 
temperatures most men were distressed. On the level of initial resting rectal temperature, it is 
possible to predict which men will develop the highest rectal temperatures during work in hot 


conditions. 
Inpust. Hyco. DiGeEst. 


PLaceE OF OxYGEN MEASUREMENTS IN EXAMINATION OF THE FUNCTIONING CAPACITY IN 
Pneumocontosis. C. CLarys, Rev. méd. miniére (No. 25) 7:19-26, 1954. 


Diminished oxygenation of arterial blood—hypoxia—should be a useful measure of lung 
function in cases of pneumoconiosis. The presence of oxygen is estimated by the difference in the 
amount of red light absorbed when it is passed through oxyhemoglobin and unoxygenated 
hemoglobin. Apparatus is constructed on the principle of two photoelectric cells, mounted in 
opposition, one of which receives infrared light of about 8,000 A., and the other red light of 
about 6,000 A. The difference in value of the electric current emitted by the two cells is 
measured on a galvanometer, the deviation of which is proportional to the logarithm of the 
concentration of oxyhemoglobin. The technique of the estimations carried out in the laboratory 
is described and also illustrated. 

Cases of silicosis without any cardiovascular complications exhibited no tendency to hypoxia, 
but when silicosis was associated with cardiovascular lesions resulting from the pneumoconiosis, 
many subjects showed diminished oxygenation, with or without cyanosis. The information thus 
acquired would be of value when diagnosing the extent of silicosis, if the methods of procedure 
were not so complicated and difficult. E. L. Coutts. 


Occupational Diseases and Hazards 


OccuPaATIONAL ASPECTS OF RHEUMATIC DisEAsSES: A Review. BERNICE and L. J. 
Go.tpwatTER, Indust. Med. 23:335-342 (Aug.) 1954. 


Statistics on rheumatism are compiled from a number of sources. In spite of deficiencies in 
the knowledge of rheumatic diseases, confusion in terminology and criteria, differences in methods 
of collecting data, and other difficulties, certain facts are evident. 1. The rheumatic diseases con- 
stitute a significant morbidity problem, with important economic implications from the point of 
view of loss of productivity and wages. 2. Most persons affected by these diseases can continue 
to work, but the more severely disabled may require job adjustments. 3. Certain occupational 
factors, such as exposure to cold and dampness, heavy work, postural conditions, and acute 
trauma, appear to be associated with an excessive incidence of arthritis and rheumatism. 


Inpust. Hyc. DIGcEst. 


Ascorsic ACID AND ETHYLENE DIAMINE TETRAACETATE AS ANTIDOTES IN EXPERIMENTAL 
VANADIUM Potsontnc. W. G. MiTcHELt and E. P. Fioyp, Proc. Soc. Exper. Biol. & 
Med. 85:206-208 (Feb.) 1954. 


The authors have investigated the effect of ascorbic acid and edathamil calcium-disodium 
as protective agents against vanadium (as NaVOs* H2O) poisoning in mice, rats, and dogs. 
Mice were injected intraperitoneally with ascorbic acid (1 gm./kg.) 20 minutes prior to vanadium 
(30 and 40 mg./kg. as NaVOs* H2O) administered by the same route. Rats were injected with 
vanadium (60 mg./kg. as NaVOs*H2O) subcutaneously and were given ascorbic acid and 
edathamil calcium-disodium intraperitoneally five minutes later when the toxic symptoms first 
appeared. Dogs were injected intramuscularly with vanadium (10 mg./kg. as NaVOs* H2O), 
and the antidotes were administered intraperitoneally after they had vomited. Polarographic 
studies in vitro showed that ascorbic acid reduced the pentavalent vanadium quite readily in an 
oxygen-free buffer of pH 5.6 and that this form was rapidly reoxidized to the pentavalent form 
by bubbling air through the medium. Edathamil calcium-disodium caused very little change of 
the wave pattern of the ascorbic acid pattern, and the general response was that of a loosely 
bound chelate compound of vanadium and edathamil calcium-disodium. 
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The results of the experiments demonstrated that ascorbic acid (1 gm./kg.), administered prior 
to vanadium, antagonizes the toxicity of vanadium in mice at the L.D.. and L.D.1s levels. Dosages 
as low as 125 mg. per kilogram also showed a protective action at the L.D.1 level. It was demon- 
strated that ascorbic acid plus edathamil calcium-disodium had antidotal effects in vanadium 
poisoning of rats and dogs. On the whole, it would appear that ascorbic acid acts more readily 
than edathamil calcium-disodium as an antidote and that signs of vanadium toxicity lasted 
longer in animals poisoned with vanadium after edathamil calcium-disodium than after ascorbic 


D. G. Harvey [Butv. Hye.]. 


ABUSE OF INSECTICIDE FuMIGATING Devices: REPORT OF THE COMMITTEE ON PESTICIDES TO 
THE AMERICAN MeEpIcAL Association CouncIL ON PHARMACY AND CHEMISTRY. 
J. A. M.A. 156:607 (Oct. 9) 1954. 


Experience has shown that there is considerable danger of excessive exposure involved in 

the use of devices to volatilize insecticides, specifically lindane, into the atmospheres of homes 

- and commercial establishments. Overexposure may be due to such factors as too liberal use, 
inadequate ventilation, poorly constructed equipment, special sensitivity of the person, and 

toxicity of the compound, especially when inhaled. Several cases of accidental ingestion of 

lindane by children are cited. These rapidly resulted in vomiting and convulsions, but no further 

effects were noted. Many irresponsibile claims are being made, despite actions by the Federal 

Trade Commission and other organizations. The Committee on Pesticides opposes the use of 

continuously operating devices of this type and warns that extreme caution should be exercised 

in the use of intermittently operating devices. 


Max Bart. 


LEAD ExposuRES FROM Oxy-ACETYLENE FLAME CLEANING AND CuttinG or LEAD-PAINTED 
STEEL. SAMUEL Moskowitz, BENJAMIN FEINER, WILLIAM J. BurKE, and ARTHUR E. 
Perina, Month. Rev. New York State Dept. of Labor 33:29-31 (Aug.) 1954. 

The results of laboratory tests are reported which show the effects on lead concentration in 
the worker’s breathing zone of long (60 in.) vs. short (18 in.) cutting torches, removal of paint 
by flame cleaning before cutting, and width of precleaned strip. Cutting was done horizontally 
on flat plates, 7 to 12 in. long and %g¢ to % in. thick, painted with an average concentration of 
1 gm. per square inch of surface using a 51.2% lead paint. The cutting was done in a three-sided 
alcove vented to a courtyard. Exposures ranged from 2.8 to 84.2 mg. per cubic meter as lead. 
Results showed that breathing zone concentrations were higher for flame cleaning with the 
long probe than with the short probe (owing to necessity for cutter to stand almost directly 
ever work when using the awkward long probe). The exposure to lead fume in cutting painted 
steel was appreciably but still not sufficiently reduced by removing a strip of paint along the line 
of the cut prior to cutting or by cutting with a long-handled torch. A 2 in. width flame-cleaned 
strip produced the lowest concentrations for subsequent flame cutting. The aggregate lead-fume 
exposure from flame cleaning followed by flame cutting of the flame-cleaned strip was as great 
or greater than that from flame cutting of the painted surface without prior paint removal. All 
results showed concentrations greater than the MAC. 


Davip M. ANpERSON, Boston. 


STUDIES ON THE NATURE OF SILICOSIS: POLYMERIZATION OF SitLicic Acip SOLS IN VIVO. 
P. F. Hott and DerrpreE M. Yates, Brit. J. Exper. Path. 35:52-59, 1954. 


When radioactive silicic acid is administered to rats intraperitoneally, the relative silicon 

contents of their liver and kidney tissues depend on the pH and the concentration of the silicic 

‘ acid solution. From these observations is deduced the fate of silicic acid which is produced by 
the dissolution of quartz particles retained by phagocytes. With the use of a theory developed in 
earlier papers that fibrosis in silicosis requires the solution and subsequent polymerization of 
silicic acid, explanations are given for observations which previously appeared anomalous when 
explained by the usually accepted simple solubility theory. 


Inpust. Hyc. DIGEsT. 


Tumours OF THE URINARY BLADDER IN WORKMEN ENGAGED IN THE MANUFACTURE AND 
Use or Certain DyrestuFF INTERMEDIATES IN THE BRITISH CHEMICAL INDustTrRY: I. 
Rote oF ANILINE, BENZIDINE, ALPHA-NAPHTHYLAMINE, AND BETA-NAPHTHYLAMINE. 
R. A. M. Case, M. E. Hosker, D. B. McDonatp, and J. T. Pearson, Brit. J. Indust. Med. 
11:75-104 (April) 1954. 

This paper reports the results of a five-year survey made in the British chemical industry 
and is an analysis of the possible causative factors of 341 bladder tumors among 4,622 men 
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during the period 1921-1952. Exposure to the individual chemicals listed in the title was studied 
Statistically, and it is concluded that aniline, on the basis of the evidence found, does not appear 
to be a cause of bladder tumor. Exposure to benzidine, alpha-naphthylamine, and beta-naphthyl- 
amine alone or as mixtures resulted in a greater incidence of bladder tumors than was found 
among a comparable group of the population at large. Benzidine increased the severity of the 
incidence hazard 19 times, alpha-naphthylamine 16 times, beta-naphthylamine 61 times, and the 
mixed exposure 33 times. 

Tumors appeared after an average induction period of 16 years for beta-naphthylamine and 
benzidine and after 22 years for alpha-naphthylamine. The extreme ranges within which such 
tumors might appear were found to be from about 2 to 45 years. These extremes must be con- 
sidered when evaluating the possible industrial origin of such tumors. 

The average induction time of the tumors was not found to be appreciably influenced by the 
severity or duration of the exposure. It appeared to be a characteristic of the causal agent. 

Age was found to have very little influence on the susceptibility of men developing tumors. 
For practical purposes the most likely period in which tumors will develop is 18 years after 
exposure starts. 

Details of the statistical methods used are given in full and may profitably be studied by those 
applying such methods to similar problems in industrial medicine. 


SHERMAN S. Pinto, Denver. 


TUMOURS OF THE URINARY BLADDER IN WORKMEN ENGAGED IN THE MANUFACTURE AND USE 
oF CERTAIN DyestuFF INTERMEDIATES IN THE BritTisH CHEMICAL INDUsTRY: II. Fur- 
THER CONSIDERATION OF THE ROLE OF ANILINE AND OF THE MANUFACTURE OF AURA- 
MINE AND MAGENTA (FucHsIN) as PossispLE CausATIVE AGENTs. R. A. M. Case and 
J. T. Pearson, Brit. J. Indust. Med. 11:213-216 (July) 1954. 


This statistical study was made of men whose work history relating to industrial experience 
with aniline, magenta, or auramine occurred between 1910 and 1952 in the British chemicai 
industry. No statistical evidence was found to suggest that the manufacture or use of aniline 
caused occupational tumors of the bladder. Reasons are given why this observation is not 
necessarily relevant to the observations of other authors in other countries or in earlier times. 

The manufacture of auramine or magenta in the British chemical industry appears to be 
associated with a definite occupational hazard of causing urinary bladder tumors. The mean 
induction time of 15 bladder tumor cases in the magenta and auramine groups was 19.3 years. 
More deaths due to bladder tumors were found among the exposed group than among the general 
population, and both age of onset and age at death appeared earlier among the auramine or 
magenta workers than among the general population. The study does not determine if there is 


any risk associated with the use of the finished products. Sueawan S. Prwto, Denver. 


SILICA AND COLLAGEN IN THE LUNGs oF SILICOTIC RATS TREATED WITH CorTISONE. B. D. 
Stacy and E, J. Kino, Brit. J. Indust. Med. 11:192-197 (July) 1954. 


The lungs of cortisone-treated and control silicotic rats have been analyzed for silica and 
collagen, and the lymph nodes for silica. The experiments tested the effects of cortisone on both 
developing and established experimental silicosis. In both experiments cortisone (1) decreased 
the transport of quartz dust from the lungs to the hilar lymph nodes and (2) inhibited the form- 


ation of collagen in the lungs. The results have been correlated with previous histological find- 
mgs. Inpust. Dicest. 


TuBERCULO-S1Licosis. F. S. pu Tort, South African M. J. 28:845 (Oct. 2) 1954. 


According to du Toit, tuberculosilicosis is a disease entity and not merely tuberculosis plus 
silicosis. He agrees with Simon that the term “infective silicosis” is used to designate not the 
mere conjunction of silicosis with infective processes but the characteristic and distinctive lesions 
marked by excessive fibroid reaction which certain infections are apt to produce in the silicotic 
lung. Such lesions are most commonly the result of tuberculous infection, and to these one applies 
the term “tuberculosilicosis,” but reactions of a similar type may result from other infections, 
e. g., from local “pneumonias.” Ten typical case histories of tuberculosilicosis are described. The 
cases show that the development of tuberculosilicosis is entirely independent of the degree of 
silicosis present; it may develop with minimal degree of silicosis. On the other hand, it is often 
associated with a very marked degree of silicosis. The primary infection is in the root nodes. 
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Another important fact which is clearly illustrated by the cases mentioned is that the 
tuberculosilicotic lesion may develop in any part of the lung. The upper lobes are more frequently 


the seat of the lesion, but this is certainly not invariably the case, and in a fair proportion of 
cases the lesion is found in the bases. 


Although only a few case histories have been given in which active tuberculosis developed 
in the tuberculosilicotic lung, it is obvious from the large number of cases available that active 
tuberculosis is the final outcome of the large majority of these cases. For this reason it seems 
obvious that every case with tuberculosilicotic lesions in the lung substance should, from the 
point of view of compensation, be considered as a case of active tuberculosis. 


CiinicaL Report ON ACUTE PorIsoNING BY VAPORS OF METALLIC Mercury. L. A. Koztov, 
Vestnik Oto-Rino-Laring. 12: No. 6, 33-37, 1950, and Chem. Zentralbl. 1:2051, 1951. 


In acute poisoning with Hg vapor, the symptoms usually appear on the second day. They 
include pain in the gums, head, throat, and jaws, limpness, loss of appetite, coughing, chills, and 
fever. These symptoms subside on the third day. Inflammation of the mucous membrane of the 
upper respiratory passages and slight irritation of the urinary tract are frequent. The largest 
amount of Hg found in the urine of the cases studied was 1.2 mg. per 100 cc.; the smallest was 
0.2 mg. per 100 cc. Neither hypotonia nor an increased hemoglobin level was observed, although 
there was monocytosis (8 to 12.5%) and the blood sedimentation rate was increased to 60 to 62 


mm. per hour. Damage to the central nervous system was less frequent than in cases of chronic 
Hg poisoning with smaller amounts of Hg. Ulceration of the mucous membrane of the mouth or 
the upper respiratory tract is regarded as due not only to resorption and consequent excretion 
of the Hg but also to local action. Therapy is discussed. 


M. G. Moore [Cuem. Asst.]. 


DraGNostic SIGNIFICANCE OF THE LEAD Line. Z. NyEMrROVSKIJ, Arhiv hig. rada 4:500-510, 
1953. 


Introducing his paper, the author reviews various opinions regarding the diagnostic signifi- 
cance .of the lead line. 

In order to clear some controversial points with regard to the formation and diagnostic value 
of the lead line, the author has examined 59 workers of a storage-battery plant and 50 workers 
in a lead mine and smelting plant. The control group consisted of 50 metal workers who have 
not been exposed to lead. 

His results may be summarized as follows: 

1. The lead line is not an essential symptom of lead poisoning. 


2. There are other factors, besides lead and hydrogen sulfide, which contribute to the forma- 
tion of the lead line; they are probably related to the physiological state of the epithelial tissue 
of the gingiva. 

3. The oral hygiene plays a secondary role in the formation of the lead line. 


FRoM THE ENGLISH SUMMARY [BuLL. Hye.]. 


Industrial Toxicology 


INTERACTION OF PROTEINS WITH SiLicic Actp. P. E. Hott and E. L. 
57:471-475 (July) 1954. 


3owcoTt, Biochem. J. 


The conditions were studied under which proteins react with silicic acid. Two methods were 
used as follows: (a) Protein monolayers were spread on silicic acid solutions, and the character- 
istics of the films were compared with monolayers on subsolutions which contained no silicic acid ; 
(b) silicic acid and protein solutions were mixed in bulk, and their interaction was followed 
turbidimetrically. The silicic acid is adsorbed to the protein and is polymerized. The poly- 
merization depends on the pH and, except in the region of pH 5.5 to 6, is a slow process. The 
influence of the pH on the formation of silicic acid-protein complexes is shown most clearly by 
turbidimetric measurements on bulk solutions. The proteins used were bovine serum albumin 
and methemoglobin, with considerable difference between their isoelectric points. The behavior 
of heptadecylamine, spread as the free base on silicic acid-free and silicic acid subsolutions, was 
observed ; it allowed force area curves to be prepared for comparison; they are illustrated. The 
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main reaction occurred in the pH range 5 to 9 when an insoluble amine silicate formed as an 
adsorption complex. This formation represented the main type of reaction between proteins and 
silicic acid. 

The conclusion of this somewhat complicated study is that silicic acid must be held mainly by 
the amino groups of the protein, but secondary forces, such as weak interactions with hydroxy] 
groups, may also be possible. The reactants seem to be brought together primarily by the forces 


of electro-valency but later to be anchored by subsidiary links, such as hydrogen bonds and the 
van der Waals forces. E. L. 


ANTICHOLINESTERASE: ESTERASE LEVELS IN THE NERVOUS SYSTEM OF ANIMALS DURING 
DEMYELINATION BY TRI-ORTHO-CRESYL PHospHATE. R. H. S. THompson, Chem. & 
Indust. 24:749 (June 26) 1954. 


This report is a summary of experimental work by Thompson and associates on the actions of 
certain anticholinesterase organic phosphates, especially the central and peripheral demyelinating 
effect of triorthocresyl phosphate (TOCP). In vitro studies using butyrylcholine and acetyl-p- 
methylcholine as selective substrates for pseudocholinesterase and true cholinesterase, respectively, 
have shown that TOCP causes almost complete inhibition of pseudocholinesterase in human serum 
and nervous tissue and in rabbit and chicken brain, while very little inhibition of true cholin- 
esterase occurs. Rat brain pseudocholinesterase was found to be less sensitive. 


Poisoning of hens with a single dose of 1 ml. of TOCP per kilogram of body weight (orally) 
produced motor paralysis and demyelination in 12 to 15 days. Studies of brain, spinal cord, and 
serum cholinesterases indicated that the pseudocholinesterase activity fell immediately to about 
one-fourth normal level. Serum pseudocholinesterase activity returned to normal by 14 days, but 


in brain and spinal cord it had not recovered by 21 days. True cholinesterase activity was not 
significantly affected. 


In an attempt to relate the fall in pseudocholinesterase to demyelination, which occurred in 
the spinal cord and peripheral nerves, the action of a nondemyelinating anticholinesterase, tera- 
(isopropyl) pyrophosphoramide (Iso-ompa), was studied in hens. Although no symptoms were 
produced, brain and spinal cord pseudocholinesterase was strongly inhibited. This result has been 
confirmed with other compounds, and thus it appears that tissue inhibition of pseudocholinesterase 
cannot be considered the primary cause of demyelination. A survey of other enzymes indicated 
that only tributyrinase out of those tested showed any inhibition by TOCP. Inhibition of spinal 
cord tributyrinase was 35 to 50% compared with 60 to 80% inhibition of pseudocholinesterase. 
Other workers have suggested that TOCP acts as a vitamin E antagonist. The author concludes 
that the cause of demyelination by TOCP remains obscure. 


E. P. Raprorp Jr., M.D., Boston. 


ANTICHOLINESTERASES: PARALYSIS IN MAN FOLLOWING POISONING BY CHOLINESTERASE 
InureiTors. P. L. Brpstrup and J. A. BonNELL, Chem. & Indust. 24:674 (June 26) 1954. 


The authors report on late neuromuscular effects in two patients with industrial exposure to 
anticholinesterase organic phosphates. One patient had worked for six months in a factory 
manufacturing isomers of tricresyl phosphate for use as plasticizers; triorthocresyl phosphate 
(TOCP), 6 to 10%, was present as a contaminant. This patient was hospitalized, with gener- 
alized neurological symptoms, including nystagmus, dysarthria, generalized hypotonia, and muscu- 
lar atrophy and hypesthesia of the extremities. His hospital course showed progressive deterio- 
ration, with occasional remissions. Three years after his exposure he was unable to walk 
unassisted, owing to spasticity and ataxia of the legs, and since clinical examination indicated 
lesions of the cerebellum and the pyramidal and spinocerebellar tracts, his disability is probably 
permanent. 


The other patient was a research chemist who had handled a number of organic phosphate 
compounds and en at least three occasions experienced mild symptoms. She was one of three 
workers hospitalized after exposure to N,N’-diisopropylphosphorodiamidic fluoride (Mipafox), 
which was being manufactured by a pilot process. Her initial symptoms were controlled with 
atropine, but three weeks after the acute episode she developed progressive muscular paralysis 
-of the legs, and subsequently the weakness involved the trunk and upper extremities. No sensory 
-disturbances were noted. During the next two years there was gradual recovery, and at the time 
-of writing the patient had normal upper extremities and was able to walk a few steps. 
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The authors conclude that the development of paralysis with TOCP and Mipafox is similar. 
Electromyographic studies indicate that Mipafox causes paralysis initially by neuromuscular 
block, and the authors suggest that secondary demyelination may result from the prolonged 
conduction block. The rate of recovery of plasma cholinesterase activity in the patient with 
Mipafox exposure was much slower than has been reported following parathion and diisopropyl 


fluorophosphate poisoning. E. P. Raprorp Jr., M.D., Boston. 


RECOVERY OF SOLUBLE GAs AND AEROSOLS FROM AIR STREAMS. E. M. Berty, M. W. First, 
and L. SrtvERMAN, Indust. & Eng. Chem. 46:1769-1777 (Sept.) 1954. 


Based on previous investigation which indicated that fiber-like materials have a higher 
transfer rate than conventional tower packing materials, the studies outlined herein show evidence 
that fluoride-resistant plastic materials in fiber packs have added advantages, particularly over 
glass fiber and resistant metal fibers. In the case of the latter, plastic fibers are stated to be 
one-two hundred fiftieth the cost of the metallic type. 

Comparison of expensive construction costs for the installation of heavy conventional materials 
vs. construction costs for installing fiber packing show a marked saving to be realized by the use 
of the latter material. Quoting the summary, “When compared on the basis of weight of packing, 
1 pound of 78 micron-diameter saran fibers was 75 times more effective for the absorption of 
hydrogen fluoride gas than 1 pound of % inch Berl saddles.” 

Other significant data relative to scrubber action showed a definite advantage in the use of 
an impinger, such as Neva-Clog screen, as a prefilter for gas streams having inert particles. 
Tables offer data on collection efficiencies of mists, fumes, and dusts by materials studied. 


WitiiaM L. Avrett, Boston. 


NickeL Potsontnc: III. Srupies on PATIENTS SUFFERING FROM ACUTE EXPOSURE TO 
Vapors oF Nicket Carponyt. F. W. SUNDERMAN and J. F. Krincarp, J. A. M. A. 
155: 889-894 (July 3) 1954. 


Clinical observations are reported on 36 persons accidentally exposed to nickel carbonyl 
vapor. Two patients died, and many of the others were critically ill. Nickel concentrations in 
urine and blood were many times the normal. Increase in urinary nickel may be correlated with 
severity of exposure. Dimercaprol (BAL) was administered to 32 exposed persons, 31 of whom 
survived. The administration was attended by an increased excretion of nickel in urine and a 
marked decrease in its concentration in blood. In the authors’ opinion, the administration of 
dimercaprol was beneficial in practically all cases and may have been lifesaving in several. 


CONDENSED FROM THE AuTHorsS’ SUMMARY [INDustT. Hyc. D1GEst]. 


ENQUIRIES INTO THE FATE OF CADMIUM IN THE Bopy DuriNG Porsoninc: OF INTEREST TO 
InDUsTRIAL R. TruHAuT and C. Boupeng, Arhiv. hig. rada 5:19-48, 1954. 


First, a method was devised for detecting cadmium in organic matter. It is based on pre- 
cipitating the metal as iodocadmiate of brucine after mineralization by sulfonitro-hydrochloric 
acid when the cadmium is thrown down with copper sulfide after which the copper is eliminated. 
The technique of the process is fully set forth. 

Cadmium sulfate in aqueous solution was injected subcutaneously into rats and rabbits, in 
large doses for acute effects, in medium doses, and in small doses spread out over long periods. 
Thus two injections of 1 mg. each given at an interval of 24 hours caused death in 18 to 24 
hours with rats weighing 60 gm.; 0.5 mg. given over five days killed soon after the last injection; 
1.1 mg. given over 15 days caused death the day after the last injection. Smaller doses, propor- 
tionately, were given to rabbits up to seven days. Whether the poisoning was acute, subacute, or 
chronic, the cadmium accumulated in the liver and kidney. In the more chronic cases the endocrine 
glands, particularly the suprarenal, held relatively important amounts of the metal. It was also 
found in the skin and the hair, as indeed it has been in men employed making alkaline cadmium 
accumulators (storage batteries). Small amounts also occurred in the blood cells and the plasma, 
as well as in the brain, the heart, and the lungs. In chronic poisoning it was found in the bones, 
resembling other heavy metals. 

These distributions coincide with the symptoms seen in cadmium poisoning; thus, the infected 
suprarenals would account for the asthenia and fatigability usually reported. Elimination of 
cadmium was found to be slow at first but to quicken suddenly about the sixth day or later, 
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which indicates that the metal accumulates in the body before it is passed on to the kidneys. The 
amount found in the feces when administered subcutaneously was inconsiderable, but more has 
been found with industrial exposure when the metal may reach the gastrointestinal canal as 
swallowed dust. Although cadmium in the urine occurs in association with albuminuria, the two 
are not closely correlated, but the albuminuria comes and disappears as the cadmium excretion 
does. 

The tendency of cadmium to accumulate in the body is important when workers may be 
exposed to quite small concentrations continued over long periods. Prevention of poisoning must 


lie in reducing any exposure to a disappearing minimum. E. L. Coutts 


Environmental Conditions 


REporT oF AIR CLEANING SEMINAR, AMES LABORATORY, SEPTEMBER 15-17, 1952. Report 


Wash 149, U. S. Atomic Energy Commission, Technical Information Service, Oak Ridge, 
Tenn., March, 1954. 


This report covers the proceedings of the Second Annual Air Cleaning Seminar sponsored 
by the Atomic Energy Commission. 

The first portion of the report reviews the studies on the basic priciples of aerosol cleaning and 
on the field testing of commercial air cleaners made by the Harvard Air Cleaning Laboratory. 
The removal of soluble gases and particulates by Saran and Dynel fibers wetted with counter- 
current water nozzles was found to be in excess of 99% with a two-stage unit and about 95% with 
concurrent water nozzles in a two-stage unit. 

The performance of reverse jet cloth filters with respect to (a) reverse jet construction, size, 
flow rate, and percent operating time, ()) filter bag diameter, and (c) types of filter media 
was investigated and reported. 

The field testing studies of commercial air cleaners included electrostatic precipitators and 
wet collectors. 

The Harvard Laboratory reported further on the effect of electrostatic charge on aerosol 
filters. This report includes a discussion of the mechanisms of electrostatic charge production and 
elimination, the measurement of charge, and a progress report on the investigation of the effect 
of charge on the filtration of aerosols. Further included in the Harvard section is a report con- 
cerning the investigation of the effects of entry velocities, water rate variation, spray droplet size, 
and location of sprays on wet cyclone collectors. 

The Richland (Wash.) plant described the studies conducted into the design of fiber-glass, 
deep-bed filters used for dissolving off-gas filtration. A transfer unit equation and nomograph 
for predicting the efficiéncy of bed design are given. A fiber-glass, deep-bed filter has been built 
and found to give efficiencies in excess of 99.9%, with no maintenance required in two years of 
cperation. 

Mallinckrodt Chemical Company reported on the efficiency of reverse jet filters when used on 
uranium refining operations. The data reported indicate efficiencies of the order of 99.99%. 
Trouble was had with one unit that was used on a “‘seeper” element, with plain wool felt. This 
unit had an efficiency of 99.2%, and with resin-treated felt the efficiency was 99.95%. The 
company proposed that blow ring operation on all units should be intermittent. 

Camp Detrick had studied the efficiency of glass-wool filters to bacteria and bacteriophage 
when used on ventilating systems to animal cages and shaking machines. Collection efficiencies 
ranged from 30% for FG 25 to 99% for two layers of FG 50. 

A report is given on the design, operation, and economic factors of deep-bed sand filters when 
used to clean chemical processing plant effluents. 

The University of Illinois reported on three phases of the research into the properties of 
aerosols. The first was a study of hygroscopic aerosols in which the high velocity cascade 
impactor is shown to be a convenient instrument for the determination of particle size distribu- 
tion of hygroscopic aerosols in the micron and submicron range. Data are presented to show 
the effect of aging on sulfuric acid and phosphoric acid mists. The second report discussed 
studies performed on the collection of aercsols on fiber mats. The purpose of the study was to 
obtain a correlation between the collection efficiency of a fiber mat and the pressure drop across 
the mat. The third report concerned work proceeding on the design and construction of a device 
to produce an aerosol of uniform size and bearing electrostatic charges of the same magnitude. 

The reports from the sites were concluded with four reports on the special problems involved 
in the disposal of radioactive solid wastes. The United States Bureau of Mines reported on a 
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process variables study of incineration with the use of tangential overfire air. The Argonne 
Laboratory reported on the problems that it had with its incinerator; at the time of the report 
the incinerator had been operating about a year. A preliminary report was given on the Los 
Alamos incinerator, effluent collector performance. The company of Arthur D. Little, Inc., 
reports on its studies to perfect noncombustible and chemically resistant filters for high and low 
temperature use. In general, it has concentrated on the use of glass and asbestos fibers. 

The conference closed with a general discussion of air sampling problems in the Atomic 
Energy Commission work and a round-table discussion of the requirements for air sampling 
media and their specification. 

This report is not available to persons outside the Atomic Energy Commission except at 
the Commission’s depository libraries. Some of the material in Report Wash 149 is also con- 
tained in “Handbook on Air Cleaning,” which is available to the public through the Super- 
intendent of Documents, U. S. Government Printing Office, Washington 25, D. C. 


W. D. SMALL, Boston. 


Ventilating, Air Conditioning, and Engineering Control 


Arr DIstNFECTION ULTRA-VIOLET IRRADIATION. Special Report Series 283, Medical 
Research Council, Air Hygiene Committee, Her Majesty’s Stationery Office. May, 1954. 


A three-year study (1946-1948) of upper air ultraviolet irradiation in primary urban schools 
showed nothing striking that would justify the use of such a measure for controlling infections 
in children’s schools. 

Although the bacterial count in the air of the irradiated schools was significantly lower 
than that in the air of control schools, there was no correspondingly significant reduction in the 
total sickness absence, except perhaps in absences due to mumps, chicken pox, and other diseases, 
which, however, constituted but a small part of the total sickness absence. 

This British experience is fairly in accord with U. S. A. experience in children’s schools. 


C. P. YaGctou, Boston. 
Legal Medicine 


DEVELOPMENT OF COMPENSATION FOR OCCUPATIONAL DISEASES OF THE LUNGS IN GREAT 
Britain. ANDREW MEIKLEJOBN, Brit. J. Indust. Med. 11:3 198-212 (July) 1954. 


The author traces, in detail, the history and development of lung disease compensation legisla- 
tion in Great Britain from its inception with the Workman’s Compensation Act of 1906 to the 
Departmental Committee set up by the Ministry of National Insurance in July, 1953. 

The problems involved in formulating suitable legislation, the practical difficulties encountered 
in administering the laws, and the changes in legislation made through the years to correct these 
difficulties are all thoroughly discussed. 

Development of the medical aspects is considered from the growing belief in 1906 that the 
lung diseases known as miners’ phthisis, stone cutters’ phthisis, potters’ asthma, grinders’ rot, 
and ganister workers’ disease were of occupational origin to the present-day understanding of the 
cause and prevention of the pneumoconiosis. Although the principal disease considered is silicosis 
in the various dusty trades, there is some discussion of byssinosis and pneumoconiosis of coal 
miners. 

The author concludes, “So it emerges after nearly 50 years dust diseases of the lungs, on an 
ever-widening but not yet comprehensive front, have been accepted as industrial diseases, while 
compensation, in the form of benefits and allowances, has been provided almost universally for 


patients and their dependents.” Grant S. Winv, Salt Lake City. 


Radioactive Substances and X-Ray 


MAXIMUM PERMISSIBLE CONCENTRATION OF RADIOISOTOPES IN Foop, WATER AND AIR AND 
MAXIMUM PERMISSIBLE EQUILIBRIUM AMOUNTS IN THE Bopy. Kart Z. Morcan, Acta 
Radiol. (Oak Ridge Nat. Lab.) 41:30-46 (Jan.) 1954. 


Values are given of maximum permissible body burden (Q) and maximum permissible 
concentration (MPC) in air and water of some 70 radioisotopes. These values are published in a 
handbook prepared by the National (U.S.) Committee on Radiation Protection. In a few cases 
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the values chosen are based on human experience, but in most cases they are calculated, using 
data from animal experiments. The value of Q is considered to be the microcuries of a radio 
isotope deposited in the total body that will deliver 0.3 rem per week to the critical organ, i. e., 
the one receiving the radioisotope that results in the greatest over-all damage to the body. 
MPC values are the concentrations of the radioisotopes in air or water that if used exclusively 
for an extended time will lead to an accumulation, Q, in the body. In most cases considered, 
equilibrium is reached in a few weeks. MPC values for air and water to be used in an emergency 
are given also. A larger dose of ionizing radiation is delivered to tissue in close proximity to an 
air-borne particle of high specific activity that becomes fixed in living tissue. In setting the MPC 
values for air, one would like to know if such localized radiation increases the probability of 


tumor occurrence. 
NucLear Sc. ABstT. 


Practica, Aspects OF Rapiation Injury. Louris H. HEMPELMANN and Josepn G. Horr- 
MAN, Ann. Rev. Nuclear Sc. 3:369-392, 1953. 


Some of the manifold reactions of the human body to ionizing radiations are described. 
Beginning with high doses, the first part of the paper deals with the description of acute radia- 
tion injury in man. Following this, a brief appraisal is made of the possible lines of therapeutic 
alleviation which are suggested by current animal experimentation, The last part of the paper 
affords a transition from high to subacute doses and describes late tissue reactions which arise at 


various dosage levels. FROM THE AUTHORS’ SUMMARY. 


CONTROLLING Uranium Dust. H. I. MIL_er Jr., Heat. Pip. & Air Condit. 26:109-113 (Sept.) 
1954. 


Solutions to some of the problems in designing heating, ventilating, and dust-control facilities 
for health protection in a large uranium producing plant operated for the Atomic Energy Com- 
mission are presented here. The purpose of this article is to indicate the application of standard 
equipment and methods to the control of dust and atmospheric pollution in an unusual process 
where an especially high degree of control is necessary. 

From THE AuTHOR’s SUMMARY. 


INDUSTRIAL RADIATION TECHNIQUES. SAuL J. Harris, New York State Dept. Labor Month. 
Rev. 32:29-32 (Aug.) 1953. 


This article discusses examples of industrial applications of radiation-producing equipment 
and radioactive materials. Also included is a general discussion of ionizing radiations, including 
properties, hazards, and safeguards. A. T. Rossano Jr., New York 


SAFEGUARD CONSIDERATIONS FOR NUCLEAR Power Pants. H. Hurwitz Jr., Nucleonics 
12:57-61 (March) 1954. 


Methods for estimating the energy released in a nuclear accident and for evaluating the 
dangers to the public from dispersed fission products resulting from such an accident are reviewed. 


NUCLEAR Sc. ABST. 


RADIATION HAZARDS FROM THE USE OF DENTAL X-Ray Units. W. E. Novan and H. W. 
PaTTERSON, Radiology 61:625-696 (Oct.) 1953. 


Potential hazards to dentists, technicians, and patients during dental roentgenography were 


investigated. Recommendations for safe procedures are presented. Nucwear Sc. Asst 


AtR CONTAMINATION AND RESPIRATORY PROTECTION IN RADIOISOTOPE WorkK. G. W. 
Morgan and C. R. Bucuanan, Publication AECU-2821, U. S. Atomic Energy Commission, 
Technical Information Service, Oak Ridge, Tenn., Jan., 1953. 


Air contamination associated with the use of radioactive isotopes in the laboratory is dis- 
cussed. Positive control measures to prevent contamination are emphasized. The various forms 
of possible contamination and mechanisms influencing their stability in the air are discussed. 
Data are included on maximum permissible air contamination values, the pathway of inhaled 
contaminants once they enter the respiratory system, and the characteristic absorption, deposi- 
tion, and pulmonary retention pattern of contaminants. The characteristics of various respiratory 
protective devices are discussed. 
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Of interest to you 


and your patients 


THE MENACE OF ALLERGIES 


HOUSE DUST ALLERGY 
by Karl D. Figley 
8 pages, 15 cents 
ASTHMA, A PROBLEM IN PREVENTION 
by Alene S. and Robert P. Little 
12 pages, 15 cents 
WHAT WE KNOW ABOUT ALLERGY 
by Louis Tuft 
12 pages, 15 cents 
PROTECTING YOUR CHILD FROM ALLERGY 
by William Gayle Roberts 
8 pages, 15 cents | 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN * CHICAGO 10 
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The best and most important factor in the prevention 
of occupational dermatoses is cleanliness, as stated 
by leading dermatologists. 

The most important factors in skin cleanliness are 
properly balanced and blended soaps— 
SOAPERIOR liquid toilet soap with added MELLISOL 
plus new compatible lanolin. 

U. S. MECHANIC’S hand powder with added MELLI- 
SOL plus new compatible lanolin for industrial workers. 


Manufactured by 
U. S. SANITARY SPECIALTIES CORP. 


1001 S. CALIFORNIA AVENUE, CHICAGO 12, ILL. 
BRANCH WAREHOUSES IN NEW YORK CITY AND DALLAS 


Offices in principal cities and at Montreal, Canada 
(consult your telephone directory) 


NOW 
available on request 


A comprehensive summary of Analytical 
Procedures with the 


revolutionary * MF" 
MILLIPORE FILTERS 


In addition to sections on the properties 
and characteristics of this new membrane 
filter, and detailed directions for its use, 
this 36-page illustrated manual reports, 
for example, on 


Microbiological Applications in the 
isolation and identification of coliforms 
and many other types of specific micro- 
organisms, as well as techniques of ap- 
plication to pollen isolation, aerosols, dis- 
infectant evaluations and sterility testing. 


Microchemical and Microphysical 
Applications to water, air dust, acid 
mists, fumes, smoke, chemical analysis of 
micro particles, ionic activity determina- 
tion and other indicated fields of appli- 
cation. 


Write for your copy to the laboratories 
of the 


MILLIPORE FILTER CORPORATION 
Watertown 72, Mass., U. S. A. 
*So described in Associated Press Release July 1954 by 


Maj. Gen. William M. Creasy, Chief Army Chemical Warfare 
Service. 
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MEAD HOME TREATMENT STIMULATOR 


A Generator of interrupted direct current designed for use by patients who require prolonged treat- 
ment of temporarily paralyzed muscles. 


Provides Treatment: C] WITHOUT LOSS OF WORK 
MEDICAL SUPERVI- TIME 
ION 


WITH SIMPLICITY AND 
= () AT LOW COST TO PATIENT SAFETY OF OPERATION 


G 


Stimulators also available on a rental basis 


ST. LOUIS INSTRUMENT ENGINEERING, INC. 
1507 S. COMPTON AVENUE ST. LOUIS 4, MO. 


RESULTS COUNT!...1: Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


Athlete's Foot) 


prt Ointment and powder of ZINCUNDECATE 
—_ Solution of UNDECYLENIC ACID 

Pharmaceutical Division Cures average case in one to three weeks 
Wel WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


PD-32 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 


HEA RT have your patients read: 


HEALTHY HEARTS 

A collection of Hygeia articles: The War Against Heart Dis- 
DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 

Attacks, Heart Diseases of Middle Life. 


20 pages, 20 cents 


STROKE 


In relation to overweight, hardening of the arteries, high blood 


AH indiscriminate pressure, blood clots, diabetes. 
by William W. Bolton 


8 pages, 15 cents 


Kil, ler, HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 
12 pages, 15 cents 


touching 


A KITCHEN FOR THE “TAKE-IT-EASY” COOK 
Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated. 
the young by Anna May Wilson 
16 pages, 20 cents 
or old WRITE To: 


BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 
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‘Instant 


MARCHES ON first aid for 


A.M.A. Archives of e 
INTERNAL MEDICINE snake bite 


’ reports progress in 
research and observation. 


A monthly publication con- 
taining original studies, case 
reports, book reviews, news 
and comment . . . compiled 
for the general practitioner 
as well as the specialist... 


YEARLY $10.00 CANADIAN $10.50 FOREIGN $11.50 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


EVERY TYPE OF 


SKIN CLEANSER 


...the new and improved 
Saunders’ Snake Bite Kit, 


| exclusive with ... 
manufactures all three from r 


When a poisonous snake strikes, suction must be applied #m 
material to finished product | mediately. Venom must be prevented from spreading through 
| the body. The new, proved Saunders’ Snake Bite Kit provides 
(lr. nstant first aid with the right kind of suction—controlled and 
oe nereased as desired. Easily and quickly administered, by the 
2 ; “%- A Specialized Soap to Meet Every ctim alone if necessary. Kit provides everything needed 
A a= Type of Plant Requirement! for emergency first aid: tourniquet, lancet, ammonia inhalants, 
Us line swabs, adhesive bandages, Saunders’ venom- <n; 
Wh - suction pump with two adapters. Write for data. ea 
ether for light, heavy or extra heavy duty, for ebery 
general plant or office use, or to solve specific * Patented lana 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. M 
Your inquiries will receive prompt and intelligent O 
attention! ® pronounced EM-ESS-CO 


LIGHTFOOT SCHULTZ COMPANY 
380 MADISON AVENUE NEW YORK 17,N. Y. 7 


Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 
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Terramycin 


BRAND OF OXYTETRACYCLINE 


For (ESTABLISHED) broad-spectrum antibiotic 
therapy—supplied in convenient Capsules, 
Tablets (sugar coated), Oral Suspension 
(raspberry flavored), Pediatric Drops (raspberry 
flavored), Intramuscular, Intravenous 

and Ophthalmic Ointment. 


Tetracyn 


BRAND OF TETRACYCLINE 


For the (NEWEST) broad-spectrum antibiotic > 
therapy—supplied in convenient Capsules, 

Tablets (sugar coated), Oral Suspension 

(chocolate flavored), Pediatric Drops 

(banana flavored), Intravenous and 

Ophthalmic Ointment. 


Both discovered by world’s largest producer of antibiotics 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
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